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A DINING ROOM ELECTRIC RAILWAY. 


ALTHOUGH lighting is, no doubt, the most import- 
ant application of the distribution of electric energy, 
>) itis not the only one, and we wish no better example 
) of this than the little railway established by Mr. Gas- 
©» ton Menier in his dining room. A car, passing and 
) stopping in front of each guest, rapidly performs, 
der the direction of the master of the house, all the 
ential maneuvers of a punctual and well ordered 
sgervice. The device consists of two essential parts— 
the track and the car. The 
’ track consists of four paral- 
‘lel rails, mounted upon oak 
) stringers, placed end to end. 
| The two external rails receive 
the wheels of the car, are in- 
gulated from each other, and 
communicate with the in- 
S ductor of a dynamo-electric 
motor. The two internal rails 
ppon which the contact rollers 
fon put the electric source (a 
“battery of twenty accumula- 
tors) in communication with 
the armature of the motor, 
through the intermedium of 
acommutator to the right of 
the master of the house. This 
commutator permits of stop- 
) ping the train or of changing 
the direction of its running 
through a change in the diree- 
tion of the current in the 
arinature. 
The oak stringers rest upon 
supports that raise the track 
about four inches above the 
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very epecdily. 


It is wonde rful to see how perfectly the | applications, and capabilities, has been hitherto a sub- 


car at once obeys the master’s orders through the skill- | ject the knowledge of which has been confined mainly 


ful maneuver of a commutator within his reach.—La 
Nature. 


ELECTRICITY AS A MOTIVE POWER.* 
By WM. WHARTON, JR. 


SINCE the lastannual meeting of this association the 
subject of using electricity as a substitute for horse 
power on street railways has received much attention, 











level of the table, and in the 
space thus left are placed such 
table objects as salt cellars, 
govers, ete. Although the 
tight wheels that support the 
ear form two bogies placed 
‘at its extremities, it would be 
dificult, since the length of 
the platform is thirty inches, 
to make the car describe a 
#emicircle at the end of the 
table, as the radius of such a 
‘turve would be scarcely more 
than sixteen inches. This 
difficulty has been overcome 
a, substituting an automatic switch for the eurve. 

e track, starting from the pantry, where the dishes 
are placed upon the ear, traverses a small tunnel and 
Peaches the dining room. At the end of the table, the 
far ineets a switch from which the track branches off 
tothe right and left and passes before the guests sit- 
ting on each side. At the other end, the tracks unite 
again so as to form a single road. 

The two switches are held in a given position by 
Springs, and are set by the ear itself. After the ear 
has crossed the first switch, it runs from left to right 
fill it reaches the opposite switch, and then runs back 
from right to left along the other side of the table. 

It is unnecessary to say that the ear can run in either 
direction on the same track, but, in order to make it 
pass from one track to the other, it must necessarily 
@ross the switch to the right that is most distant from 
the pantry. 

The gauge of the track is four and a half inches—a 
Width sufficient to assure a satisfactory stability to the 
Tolling stock without encumbering the table. 

The car consists of a platform thirty inches in length 
by eight and a half in width that pivots upon two 

ies, one of which carries the motor, while the other 
is but a two-axled truck, serv- 
as a support. The dyna- 
Mo-electric motor consists of 
@Siemens double T bobbin. 

e use of two bobbins, 
Keyed at right angles, pre- 
Vents dead points, ‘and per- 
Mits of starting the car from 
any position. The four wheels 

the bogies are connected 

coupling rods in order to 

rease the adhesion, and are 
Stuated by a gearing that 
/feduces their velocity in the 
Matioof ito9. The expendi- 
eof electric energy is insig- 
icant, since the current 
8S not exceed 0°5 or 06 am- 
wpere, with an electromotive 
® of 36 volts. The car 
ghs sixteen pounds when 
pty, and is capable of car- 
2 ng one hundred and thirty 
nds. By interposing re- 
ances in the cireuit, it is 
sible to vary the normal 
ed between four inches 
i three feet per second. ; 
e stopping and starting saeamniiiiicsai PRAM GIniann 
done very quickly, and a 














Fie. 1.—A DINING TABLE ELECTRIC RAILWAY. 


and great advances have been madein the practical 
application of it te that purpose, so that it may now be 
stated broadly there is no longer any doubt or uncer- 
tainty that electricity can be successfully and economi- 
cally employed in a great many places, if not most 
places, as a substitute for animal power. Quite a num- 
ber of electric railways are in operation in the United 
States, running satisfactorily under all the require- 
ments of public service, so that there is much greater 
familiarity with and a more general knowledge of electri- 
city among railroad men and the public than ever be- 
fore. There is so much confidence in the practicability 
of electrical propulsion of cars being well established, 
that the subject is no longer treated with doubt or dis- 
dain ; on the contrary, great interest and respectful at 
tention are at once manifested whenever the subject is 
brought up. 

Although some parties, interested perhaps in push- 
ing forward theirown special inventions, ay claim too 
much, the actual facts as presented daily in the regu- 
lar work of the ears are good enough to warrant this 
belief and confidence. Electricity, in its manifestations, 


* A paper read before the Philadelphia Street Railway Convention, Oct. 
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to scientific circles, but it is evident that the time has 
come when it will be putin harness in place of the 
horse to draw cars and to perform many other duties 
which a few years ago would have been considered en- 
tirely chimerical and visionary. So long as the oxida- 
tion of metals or other chemical action was the only 
available method by which electricity could be pro- 
duced, the expense attendant upon such means limited 
its use toa very parrow sphere. Since, however, steam 
power and water power have 

been so successfully employed 

\ to generate electricity, and 

/ to do it so cheaply, the range 

of its usefulness and applica- 
tion has been wonderfully 
enlarged from year to year. 
It is not intended in this 
paper to make use’of scien- 
tific terms, or to discuss the 
question from any stand- 
point but that of practical 
j observation and experience, 
at nor is it intended that any 
Wh comparisons shall be drawn 

( between electric motors and 
steam locomotives, but there 














> is a wide field for work in 
1 \, which neither the locomotive 
ae il nor the horse is able to satis- 
ait factorily accomplish the duty 


ealled for. 

The systems at present in 
use for electrical propulsion 
of cars are divided into two 
classes. 

First, that in which the 
electricity is conducted from 
Ze one or more active generat- 

ing sources along a suitable 
conductor or conductors to 
be used in the cars, with pro- 
per return connections ; and 
secondly, that system in 
which the electrical power is 
obtained from accumulators 
or secondary batteries carried 
along with or within the body 
of the car. Of the first there 
are several methods, namely : 
That in which the electricity 
is carried along a conductor 
above the ground, considerabiy above the car, either 
directly over it or toward one side. 

That in which the electrical conductor is situated at 
the side of the railroad and elevated a few feet only 
above the ground. 

That in which the electricity is carried upon the sur- 
face, either by a third rail or other conductor running 
on the level of the ground or pavement. 

That in which the electricity is carried beneath the 
surface by a conductor placed within a suitable con- 
duit for its protection, access being had to said condue- 
tor through a slot in the top of the conduit, so as to 
allow of electrical connection with the motor on the 





car 
The plans of having the conductor along the surface 
or at the side of the railroad not much above the surface 
have so many evident and practical disadvantages 
that they need not be taken into consideration in this 
paper. Therefore, the question is reduced to the three 
methods of overhead conduction, underground conduc- 
tion, and storage batteries. 

It is evident that better service must be furnished at 
the same cost, the same service furnished at a cheaper 
rate, or that both objects combined shall be attained by 
the use of electricity before it 
takes the place claimed for it. 














The writer believes fully that 
the last proposition of both 
better and cheaper service 
has already been proved by 
actual service and daily use, 
but in the nature of things 
improvements upon the pre- 
sent methods will be discov- 
ered, and “the survival of 
the fittest,” which applies as 
well tomechaniecal appliances 
as to animated life, will by 
its inexorable iaws weed out 
and discard those which are 
deficient or incompetent. 
There are so many intelli- 
gent, persevering, and scien- 
tifie minds engaged in active 
experiments and researches 
into the mysteries of nature's 
powers, and more especially 
those relating to electricity, 
that discoveries are constant- 
ly being made, human know- 
ledge in this age extending 
more rapidly than at any pre- 
vious time. The subject is 
fascinating and the prizes 


Warne 
mgr HHHity 








nanan HAE AE 











ple reversal of the current 
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One point to another 


Fie. 2.—ELECTRIC CAR FOR DINING TABLE, 


sought after are brilliant and 
valuable. The increased 
cheapness in production of 
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electricity which may fairly be assumed for the future 
will of course add to the advantages, and enlarge the 
scope, of its use. At present there are many places 
where electricity can be generated at a nominal cost by 
the use of water power, and this energy can be carried 
a pumber of miles without any loss or leakage of 
practical consequence. 

Where this can be done, of course the parties have 
special advantages. So also there are many towns and 
cities in coal regions, or natural gas regions, where the 
same result of cheapness in productiou can be obtained, 
although by different means. As a case in point it 
may be mentioned that the electrical railway in Seran- 
ton, Pa., has its power station located about midway 
of the route, and immediately at the foot of a large 
hill or great mass of hundreds of thousands of tons of 
eulm, which is principally composed of the small, fine 
particles of coal produced in mining or left after the 
screening and preparation of the commercial sizes of 
coal for the market. This has been accumulating for 
many years, is still accumulating, and has hitherto 
been considered only an inevitable nuisance, which the 
mining proprietors would gladly have given away for 
nothing to get rid of it, and not have it occupy their 
land. 

The price which the railroad company pays for this 
culm is but ten cents per ton, and as it only has to be 
wheeled through the door of the engine house, the 
whole distance from the culm bill to the furnace under 
the boilers not being over fifty feet; and as the whole 
consumption per day is on the average but five tons, 
or in money value but fifty cents per day, it is evident 
that the cost of electricity in this case is exceedingly 
stiall indeed, that sum being sufficient for the fuel to 
produce the steam power which generates electricity 
enc igh to run four and sometimes five cars, carrying 
at times seventy-five passengers each over a railroad 
track about four and a half miles in length, having long 
gvades, a number of which are five or six feet to the 
hundred, and the steepest of which is seven and a 
quarter feet per hundred. The tractive power required 
upon some of these grades is still further increased by 
‘urves or switches occurring on them. It may be well 
to mention some other points about this railroad in 
Zeranton, which has been running about one vear, with 
areat success, and exhibits in many respects a favor 
able example of an electrical railway with overhead 
conduetors. The cars have four wheels; two of them 
are open cars, each carrying one motor of 20 horse 
power. The motor is placed in the body of the car 
midway of its length, and all four of the wheels are 
driving wheels, the connections between the motor and 
the wheel axles being made by means of chains and 
sprocket wheels. Three of the cars are closed cars, 
each with one motor of 15 horse power, which is placed 
on a closed platform at the forward end of the ear. In 
these the forward wheels only are driving wheels, and 
their connection with the motor is made in the same 
way as on the open cars, with chains and sprocket 
wheels. The company will shortly place four more 
ears upon the line, each with a motor of 25 horse 
power, 

These larger cars are intended not only to propel 
themselves, but to be able each to haul in addition two 
other cars loaded with passengers up all the grades. 
The running time of the round trip on the main line, 
being in all eight miles, is one hour, which ineludes all 
stoppages and the waiting at each end of the route, so 
that the average speed attained is more than eight miles 
per hour. There is no difficulty in going much faster ; in 
fact, the men in control of the cars have to be watched 
to prevent their running at excessively high speed, 
particularly on the return trip to the city, where the 
grades allow the car to be run for most of the distance 
by gravity alone. At the generating station there are 
two stationary engines of 180 horse power each, two 
dynamos of 100 horse power each, and four boilers of 
100 horse power each. Only one engine and dynamo, 
however, and two of the boilers are in use at any one 
time. Therailway company expects also to furn.sh in 
the future electricity for the lighting of the town of 
Duniore, situated at one end of the line, by which the 
income of the company will be materially increased. 
The duplicate engine and dynamo and the duplicate 
set of two boilers are for the purpose of providing 
against contingencies of accident to those in use, and 
also to allow of alternations in service, thus giving op- 
portunities of frequent examination and inspection. 

Upon this railway, as before stated, the overhead 
system of conduction is employed, having flexible con- 
nection between the motor on the car and the carrier 
traversing the conductor, which is a solid copper wire 
of five-sixteenths inch diameter, suspended on a part of 
the route from transverse wires attached to wooden 
poles placed on both sides of the street about one hun- 
dred feet apart lineally, about twenty feet high and 
about six inches in diameter at the surface of the 
ground, and on the rest of the line suspended from arms 
projecting sideways from wooden poles at the side of 
the railway about twenty feet above the ground. The 
line is a single track railroad with several turnouts or 
passing places, at which points the electric overhead 
conductor branches off over the side track also ; and an 
ingenious system is in use by which the carrier, run- 
ning upon the overhead wire, with two grooved wheels 
of about two and a half inches diameter, automatically 
shifts the connections at the points of divergence 
from the main line, so that the carrier always follows 
that one of the overhead conductors which is above the 
track upon which the car is traveling. 

It is contemplated, however, to use two separate and 
independent overhead conducting wires throughout 
the whole length of the route, so as to avoid the possi- 
bility of any difficulty with the carriers at the points of 
intersection at the turnouts, although this has not 
happened often. The return current of electricity is 
taken by the rails. The electrical current has a tension 
of about six hundred volts, which, while sufficient to 
give a shock, could not produce any dangerous effect on 





man in case the current should by any means be di-| 


verted, Part of the road is laid with tram rails and 
the rest with T rails, and a part is paved and the rest 
unpaved, so that these different conditions, in connec- 
tion with the many grades and the curves and the 
turnouts, give ample opportunity to thoroughly test 
the working of the system. Although the overhead 
wires in this case do not present any more unsightly 
appearance than the numerous telegraph cables and 
wires to which we are so accustomed, it is, however, 
evident that the use of the overhead system will be 
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prohibited in wost cities and towns, especially since the 
general determination to place all electrical wires 
through cities underground. The noise of the carriers 
running on the conductors is not much, althongh it 
can be readily noticed; but the noise produced by the | 
motors and the chain aud sprocket connections is quite | 
considerable. This latter could be entirely avoided by | 
the use of a noiseless motor and a better method of 
connection, of which motors and connections there are | 
several kinds easily obtainable. Noiseless, efficient, | 
and durable electric motors suitable for use on cars can | 
be had in which the weight per horse power does not 
exceed sixty pounds. 

In a paper of the length to which this must neces- 
sarily be limited, it will be impossible to domuch more 
than treat of the subject in a general manner, but it 
can be stated specifically and certainly that electric rail- 
ways with overhead conduction have demonstrated 
beyond a doubt their capability to propel a few cars, 
even if heavily loaded, at less cost and wmuelh greater | 





speed than could be obtainable on railways operated | 
by horse power. This is true in places where the 
coal required must be bought at usual rates and the 
exceptional advantage of fuel at merely nominal | 
cost does not exist, as at Scranton, and likewise at 
Wilkesbarre, where an electrical railway is under con- 
struction, upon which the cost of coal used will not 
exceed sixty or seventy cents per day for five cars. 

In the case of electrical railways with underground 
conduction the effort has been made to give all the ad- 
vantages of the overhead system and at the same time 
remove the objection which in most places is absolutely 
prohibitive of having the conductors and poles or other 
supports obstructing the streets. In doing this, how- 
ever, great difficulties arise, some of them of a very 
serious character. The costly conduit, with the need- 
ful arrangements for drainage and for cleaning out, 
together with the increased care necessary to provide 
against the considerable loss or leakage of electricity, | 
which nevertheless generally takes place in spite of all | 





precautions, detract greatly from the apparent ad-| 
vantages of the plan. Many inventions have been | 


patented and numberless devices contrived to overcome | 
the many objections of this method, but there is great | 
room for doubt whether practical success has yet been | 
obtained. } 

Neither by overhead nor underground conduction 
have more than a few cars as yet been moved simul- 
taneously upon railways, although many ingenious ar- | 
rangements are offered by various parties who confi- 
dently assert they can run any required number of ears. | 
This, however, yet remains to be proved. Both plans, 
also, are open to another serious objection in the entire | 
stoppage of travel on the whole line in the case of | 
breakage or derangement of any part of the conduct- | 
ing apparatus or the generating machinery. In this | 
respect they are underthe same disability that the 
cable system of car traction is hampered with. Pos- 
sibly, by suitable arrangements of duplicate engines, 
boilers and dynamos, duplicate conductors, and auxil- 
iary, sectional, or relay systems of conduction, this dis- 
ability, threatening as it appears to be, may be so re- 
duced as to be of no great detriment. This, however, | 
also remains to be demonstrated. 

Taken altogether, underground conduction does not 
compare favorably with overhead conduction up to 
this time. One great trouble with the latter plan. 
however, is that although it can be used to great ad- 
vantage and economy on lines running a few cars in 
towns, or in suburban districts outlying large cities, it 
will probably never be allowed by the municipal au- 
thorities in large cities, which of course are the very 
places where the advantages of electrical propulsior 
are needed the most. : 





To move a large number of cars, 

as for instance upon the Third avenue or Broadway 
‘lines in New York City, the electrical conductor, 
whether overhead or underground, must be of great 
size if the current is of low tension ; while on the other | 
hand, if a small or moderate sized conductor be used, 
the current must then be of dangerously high tension, 
and of course it would then be very difficult to avoid | 
great loss of electricity from leakage. 

There remains to be considered the accumulator or 
secondary battery system. In this each car carries its 
own supply of energy, and is entirely independent of 
any method of continuous electrical conduction. No 
change of track or roadway is required, nor any costly 
conduit or unsightly poles or other supports, while the 
cars can run anywhere that a car can be taken by horses. 
These points are of immense advantage, and are the 
chief merits advanced by its advocates, independent of | 
its economy over horse power. | 

In practice, cars of the size of the usual two-horse 
cars are provided with about 80 accumulators, weigh- 
ing when filled with fluid and ready for use about 40 
pounds each. These cells are placed under the seats, 
one half being on each side of the car. Their combined | 
weight is 3,200 pounds, and the weight of two motors 
each of five horse power should not, together with their 
connections to the car axles, exceed 800 pounds, so that 
the additional weight imposed upon the car is say 4,200 
pounds, which allows 200 pounds for the apparatus to | 
control the current and for other electrical appliances. | 
This added weight, if placed upon a four-wheel car, may | 
be of disadvantage to the car orto the track. If this | 
should be the case, the difficulty is removed by the use | 
of eight wheels on two swinging trucks, which support | 
the car much better, and distribute the weight upon | 
the track. Both these kinds of storage battery cars | 
are inservice with entire success. The charging of the | 
cells is done by a dynamo driven by steam power or} 
any other desirable means, and it takes four hours to} 
charge cells which are able to perform four hours’ work. 
To remove from the car the cells which have done | 
their work and to replace them by freshly charged cells 
takes no more time than the time required to change 
horses. It requires 10 horse power exerted for four 
hours to charge the batteries or cells of each car, so 
that 40 horse power hours are needed to accomplish it. 





| modern improved cut-off appliances and other econom- | 
|ical devices, has been found, after extensive investiga- 
| tions, not to exceed two-thirds of one cent per horse 
| power hour. 


| car service, 


| many cases be in favor of storage battery cars. 
|of course applicable more particuiarly to large cities 


This allowance is a liberal one, and is above, rather} drain, which, although supposed to be kept 
jthan below, the actual average cost, including fuel| fact nearly always contains a deposit of street re 
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at 1 cent costs 40 cents, which is the cost of 4 hours’ 
car service ; and as the day’s work of a car should 
be taken as 16 hours, we have as the whole cost of a 
day’s supply of electricity four times 40 cents, or $1.60, 

Since four teams of two horses are required to draw q 
ear for 16 hours, and as one additional horse per car jg 
the usual allowance for sick or disabled horses, ning 
horses per car are needed for a day’s work, which, at 59 
cents per horse for feed, bedding, attendance, shoeing, 
etc., is $4.50, against $1.60 for the storage battery elec. 
tricity. Making extraordinary allowance for possible 
errors in this comparison, the difference is still aston. 
ishing to those who have not looked into the matter 
critically. With motors properly constructed, a speed 


|of eight or nine miles per hour is readily accomplished 


—in fact, eight miles per hour may be taken as the 
speed at which such motors will work to the best ad- 
vantage, and return the greatest percentage of mechan- 
ical efficiency. The requirements of street car service 


demand variable rates of speed, as for instance in 


|crowded streets, behind other vehicles, or in turning 


curves and entering switches it is necessary to go 
slowly and cautiously ; and the weight of the load car. 
ried at different times will vary from an almost empty 
car to one overloaded. These conditions, together with 
increased power needed to ascend grades and to start 
loaded cars, especially on up grades, call for electrie 
motors which will under such greatly varying circum- 
stances respond at all times almost equally well 

There are motors which while engaged in performing 
an equable work and running at an equable speed, for 
both of which purposes the motor was specially made, 
will return 90 or possibly 95 per cent. of efficiency, 
while the same motor when run at some different speed 
or under some different load may return but 30 or 35 
per cent. So that the average performance of such 
motors in street car service would probably give only 
50 per cent. return of efficiency. Motors can, however, 
be obtained which will under all the variations of street 
ear work constantly return 75 per cent. of efficiency. 

The durability of storage batteries is a point which 
those interested in other systems are very prone to 
doubt, but it has been proved in actual use in cars that 
they will continue in good, serviceable condition for 
eighteen months or two years. Makers of these batter- 
ies offer to guarantee them good for two years of street 
The lead-lined wooden containing boxes 
will last for many years. The negative plates are good 
for more than two years, while the positive plates are 
certainly good for eighteen months, if not more. 

The plates being of lead and lead oxide are still of 


|value when they become unserviceable, for the metal 


san be recast into new plates, and the lead can be re- 
covered from the oxide. The first cost of storage bat- 


| tery cars and the engine and dynamos is at present 


prices considerably more than the first cost of cars pro- 
vided with suitable complement of horses and _ har- 
ness; but when the saving in first cost obtained by 
dispensing with the ground and the stables required 
for horses is taken into account, the balance ae 
This is 


where ground is very valuable. By methods now be- 
ing introduced into the manufacture of storage batter- 
ies, their production will shortly be made at a reduced 
cost, and their durability increased at the same time. 
It should be remembered that the increased speed at 
which electric cars can travel is so much greater than 
horses could draw them that two cars can readily do 
the work of three horse cars, especially as the electric 
cars requires no time for resting at the ends of the 
route; but although they ean easily do this, so much 
increase of speed would not be allowed or be practi- 
cable through the streets of most cities or towns. It 
could be done with safety and advantage through wide 
streets or avenues and in suburban districts. It will, 
however, be perfectly safe to say that three electric cars 
ean do the work of four horse cars, and, if desired, 
they can at the same time be of greater capacity than 


| horse cars, for while the horses can do no more, no such 


difficulty exists with electricity. Without referring to 
the excessive first cost required for the expensive cable 
traction system, and comparing the first cost of the 
entire plant and equipment needed for a storage battery 
electric railway on which three cars will perform the 
service of four horse cars with the first cost of the entire 
plant and equipment of a railway using horse power, 
it will be found that the advantage will in most cases 
be in favor of storage electricity. Let us now compare 
the operating expenses. 

Running expenses of four two-horse cars for one year, 
to wit: 

Conductors, 365 days at $3.00 each car per day of 16 hours 


oe .* 9 


Drivers 2.50 








36 horses, - mie oO per day 
$14,600 
One year's deterioration and repair of four cars at $200 each 800 
- ™ ” of 36 horses at $40each.. .. 1,440 
$16,840 


Ruuning expenses of three storage battery cars for 
one year, to wit: 

Conductors, 365 days at $3.00 each car per day of 16 hours 

Drivers, 58 a oe = = - _ bs 





Electricity,  “ “ 2.00 “ - — * 
$8,212.50 
Oue year’s deterioration and repair of three cars, including 
dynamos, storage batteries, and motors, $1,600 each. . 4,800.00 
$13,012.50 


This leaves a balance to the credit of the storage 
battery cars of $3,827.50. ai 

The fact of each storage battery car carrying within 
itself its own energy gives to the individual cars an inde- 
pendence of action which neither the cable traction 
plan nor the overhead or underground syste of elee- 
trical propulsion possesses, for all of these depend upo? 
central sourees of power, which may at any ume 


The cost of running large stationary steam engines | interrupted, so that breakage or accident to any part 
of, say, 200 to 400 horse power, constructed with the | involves the stoppage of the whole line. 


In a sanitary and cieanly point of view, the we 
ve 


drawal of the car horses from our streets would | 
| great benefit, and this would be accomplished without 
an opel 
clean, 12 
fuse 


| having, as in the case of the cable railway, 


at average market prices, attendance, repairs to engine | to a greater or less extent. 


and boilers, oil, ete. We will, however, take it at 1 


cent per horse power hour, 





Forty horse power hours‘ ed but not in use, need not be taken into acco 


The leakage of electricity in storage batteries, charg 
unt for 
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any length of time that cars would probably stand idle. 
In fact, the leakage from batteries in good condition 
would not exceed ten per cent. in three months. 

The percentage of mechanical energy given by the 
steam engine which is recovered in actual work under 
the variable conditions of street car service on the driv- 
ing axles, with storage battery cars properly equipped, 
is at least forty per cent., and with electricity by direct 
conduction at least fifty per cent. In cable traction, 
after deducting the power needed to move the cable 
and to revolve the wheels guiding and carrying the 
eable, not over twenty-five per cent. is left for drawing 
the cars, and on some cable railways even less. 

The increased speed so easily and advantageously ob- 
tained on electric railways as a class not only enables 
three cars to do the work of at least four horse cars, and 
effect the great annual sa‘ing shown above, but it has 
a tendency to invite travel and thereby increase re- 
ceipts, also to give street railways the opportunity to 
extend their lines advantageously further into outly- 
ing districts and to compete on better terms with ele 
vated roads and steam railroads than would be possible 
with horse power. 

The rapid deterioration and destruction of street car 
horses shows the exacting and terrible nature of their 
work, although it is for only four hours perday. Their 
powers are already overtaxed, and they can do nothing 
more either in speed or in load carried. 

Electric cars, by dispensing with horses, allow more 
room in the streets for other vehicles, and this advan- 
tage in crowded streets is of moment. Take, for in- 
stance, Washington Street, Boston, or Broadway, New 
York, and it will be readily seen that this relief to the 
clogged traffic would be great. 

Electric cars can go backward or forward with equal 
facility, they are under perfect control, can stop and 
start more quickly than horse cars, and in case of delay 
can make up lost time. They never get sick with 
epizooty or other disease, and during strikes or other 
periods of enforced idleness do not require to be fed. 
On down grades they will run by gravity without the 
expenditure of other force, and on level or nearly levei 
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be much more efficient than horse power could effect. 
Street car electric motors of fifty horse power or more, 
if required, can be as easily made, and are as easily con- 
trolled, as motors of five or ten horse power, so that 
electricity has ample ability to keep the tracks clear 
from accumulations of snow. As with locomotives, 
sand boxes should be placed upon electric cars, so that 
if any slipping of the wheels should be observed, either 
from the greasy, slippery condition of the track, some- 
times seen in damp weather when the streets are not 
properly cleaned, or from snow or ice upon the track, 
the driver, by opening a suitable valve, can let out a 
little sand upon the rail, and at once overcome the 
difficulty. 

It is sometimes asked why two motors of five horse 
power each should be needed upon a car usually drawn 
by two horses. In explanation of this it may be stated 
that a car horse can, and very often does, exert for a 
short time in starting a car or upon steep grades a 
force of five or even more horse power. A mechanical 
horse power is the measure of the moderate duty which 
a horse can constantly and regularly exert day after 
day in a regular day's work without injury; but car 
hoses are constantly temporarily called upon to exert 
ur nsual and unreasonable power, which is the reason 
they are so rapidly destroyed in street car service. It 
is evident therefore that the electric motors must be 
able, when called upon, to exert the same power that 
the horses under pressure can be made to perform 
temporarily, so that a maximum of five horse power in 








people stating they felt nothing at all, and the others 
no more that a slight tingling seusation. 

The term “storage batteries,” so generally in use, is 
apt to give a wrong impression, no electricity whatever 
| being stored or contained within them, for in charging 
| the batteries a chemical action is forced to take place, 
and when this chemical action is allowed to reverse it- 
self, electricity is generated thereby. The car motor 
immediately uses this, and when the motor is stopped 
the chemical action and, therefore, the generation of 
electricity cease 

In this report care has been taken not to refer by 
name to any patented inventions or to recommend any 
particular make of electrical appliances. As to these 
matters, those proposing to use electricity, whether by 
overhead or underground conduction or by storage 
batteries, should of course be careful to select such 
methods as are the most reliable, efficient and durable, 
and to deal with parties not only responsible as to the 

validity of their patents, but capable of doing what 
they undertake to perform. 

Any one who peruses the railway journals and 
notices the number of electric railways now in opera- 
tion, and the still greater number of those in course of 
actual construction or projected, has cause for surprise, 
if he has not closely been following the course of 
events. 

That electricity, by some of the present methods of 
its use, or by better ones yet to be invented, will en- 
tirely supersede the use of horses and cable traction 
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stretches a very little electric energy continues their | each of the two motors will develop only such force as|upon all street railways, excepting under the special 


motion when once they are started. 


the requirements of street car service are constantly 


The electricity, besides ranning the motors, will sup- | demanding during short periods of time. 


ply the car with incandescent electric lights, actuate an 


It is not intended in this report to indicate that cable 


electric signal gong, and operate electric bells for the} railways for use on steep hills or high grades will be —— 
use of the conductor and passengers in stopping or | superseded by electric railways, for the latter are limit-| TELEGRAPHING TO AND FROM TRAINS IN 


starting the car. It is usual to have the regular hand | 


ed to such grades as the adhesion of their wheels upon 


brake for stopping the cars, but the motors can be in-| the rails will enable them to surmount, just as in the 


stantly reversed by electricity if desired. This method, | 


case of the steam locomotive, so that there is a suitable 


however, should only be —— when it is necessary |and proper sphere of usefulness for cable railways 


to stop the car very quick 


y to avoid accident or for}in the wany places for which they are particularly 


some other imperative reason. By this means the car | adapted. 
It has been proposed to increase the tractive power | given by the Consolidated Railway Telegraph Com- 


can be stopped in much less distance than is possible 
by the hand brake, which, of course, operates with the 
same efficiency whether upon electric cars or horse 
cars, 

It has been questioned whether in winter, when the 
tracks are liable to be obstrueted with snow or ice, the 
electric cars will be able to propel themselves, owing 
to the fact that they obtain their power of propulsion 
from the adhesion of the wheels upon the rails, so that 
if the wheels are prevented from reaching the track 
there would be a great liability of their slipping and 
turning around without giving any forward motion to 
the car itself. In answer to this, it may be stated that 
during last winter on the electric railway in Seranton, 

aving the overhead conduction system, and from ex- 
periments made in Philadelphia with a storage battery 
car, it was found that there was no unusual difficulty 
Presented in snow storms, the wheels, owing to the add- 
ed weight, settling more readily through the snow, 
and thus reaching the rails. Upon roads properly 
‘quipped with snow plows, or snow sweepers with re- 
Yolving brushes, propelled by powerful electric motors, 





the clearing of snow from the tracks would no doubt 


of electric cars upon inclines by causing magnetic at- 
traction to be developed between the wheels and the 
rails, and also by the use of other devices. All these 





|eonditions for which cable traction is occasionally 
|applicable, is a question that admits of very little 
| doubt. 





MOTION. 


THIS new system of telegraphy, by which messages 
may be sent from and received on the cars when in mo- 


| tion, is now in regular operation on the Lehigh Valley 
| Railway. An interesting exhibition of the system was 


| pany, of this city, on the 6th of October. A special 


train of six cars was run from Jersey City to Easton, 
carrying the apparatus for transmitting and receiving. 


methods present complications which probably will | The train contained the guests of the Consolidated Com- 
more than outweigh the advantages sought to be at- | pany, and hog 2 aay A was the outcome of an invitation 


tained. 


| extended by 


r. Charles A. Cheever, the president of 


In developing the best construction and management | the company, to the New York Electric Club. The 


some of which at first sight may appear trivial, should 


of electric cars and railways, careful attention to details, | 


trip occupied about five hours. During the running of 
the train, the operator was kept busy sending and re- 


be exercised, in order to obtain the best results, no | ceiving messages. Although the speed of the train has 
matter which of the three plans be adopted. It should, | no relation to the practical working of the apparatus, 


however, be said that in practice at the present time | yet a greater measure of public appreciation aay be 
the running of electric cars requires no more intelli- | looked for from the fact that the cars ran at very hi 
gence or skill than the running of horse cars, and also | 


that the electric current with continuous conduction | 
on lines using a few cars need not be of such tension | 
as to endanger human life, 500 volts being sufficient. 
With the storage battery system the tension of the 
current is so low, 160 volts being sufficient, that no 
shock whatever could be experienced by a man taking | 
through his body the whole current required to propel | 
the car. This has been repeatedly done, some of the/ 








gh 
speed, exceeding sometimes sixty miles an hour. 

The method is a simplification in some respects of the 
Edison system, already very fully described by us, 
The tin roofs of the cars are utilized as one leaf of a 
condenser that is charged and discharged by the action 
of a “buzzer” many hundred times a second. The 
other leaf of a condenser is represented by a line of 
wire strung on low poles carried along the track as 
nearly as possible at an even distance from the track, 
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The rapid charges and discharges of the car roof are 
reproduced upon the line wire. By properly interrupt- 
ing these with a key, the Morse signals are either pro 
duced on the ear, and by induction transmitted to the 
line, or pice versa For receiver, one or two Bell tele- 
phones are used. These the operator attaches to his 
head against the ear, so as to have both hands free. 
He then establishes himself upon one of the regular 
car seats, requiring only the room of a single pas- | 
senger. 

The ease of connecting the car apparatus with the car 
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B, induetion coil ; C, battery ; 
D, primary circuit ; K, extra contact key ; F, see- 
ondary circuit ; G. telephone and cireuit ; H, elec 
tro-magnets; |, Morse apparatus ; J, earth connec 
tion ; K, condenser 


ARRANGEMENT OF APPARATUS AT 
TERMINAL STATION. 


A, double pointed key 


ix noticeable. By spring clips proper connections are 
rapidly made by the operator upon being assigned to 
any particular ear 

A elip is sprung upon the car truck to secure ground. 
From this a wire leads to the instruments. From them 
another wire is carried to the roof of the car, where it is 
also secured by aspring clip. Two or more car roofs 


are thus connected to obtain increased surface. The 
var connections are the acme of simplicity. 
The apparatus consists of the “buzzer,” trans- | 


mitting key, and induetion coil. The core of the 
latter is the magnet of the “ buzzer.” These are se 

cured to a sinall lap board. For battery, twelve chro- 
mic acid cells (Bunsen type) are used. A compact form | 


| bedded in the masonry. 


| outside and an obtuse angle iron on the inside. 
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and twenty-four with cast iron. The former are in the 


straight and the latter in the curved portion of the 
viaduct. The portion of the pier below low water con- 
sists of two such cylinders, which, in the case of the 
piers for the thirteen large spans in the center of the 
river, are placed at a distance from each other of 32 ft., 
and in the rest of the piers 26 ft., center to center. Ex- 
cept in the case of those for piers Nos. 5-14, the cylin- 
ders are all splayed at the base, and have a base diame- 
ter varying from 10 ft. up to 25 ft. The 10 ft. cylinders, 
which form the bases of twenty-four of the piers in the 
curve, are of east iron, all above this size being of 
wrought iron, and made of sucha length that when 
sunk to the required depths the tops might project 
slightly above !ow water level. ‘They are all lined with 
brickwork filled in with concrete. From low water up 
to high water level the piers in the first group consist of 
two circular blue brick shafts of 12in. less diameter than 
the cylinders. They are filled in with concrete, and join- 
ed together at high water level by means of a strong con- 
necting piece, which also consists of blue brickwork 
filled in with eonerete, the portion between the shafts 
resting on cast iron girders. In the cast iron cylinder 
piers the cylinders are continued up to the connecting 
piece, and east iron segments of cylinders and plates take 
the place of the blue brickwork in the connecting piece 
itself. On the top of the brickwork, and forming part 
of the connection, a wrought iron framework made 
chiefly of channel irons is placed, and securely attached 
to the shafts below by means of sixteen holding-down 
bolts of 21¢ in. diam. and 2 ft. length, which are em- 

t This framework forms the 
base for the upper portion or superstructure of pier, 
which is riveted to it. In the case of piers Nos. 5-64, 
the superstructure consists of two wrought iron octa- 
gonal shafts, joined together near the top in the form 
of an arch, and is composed of plates connected at the 
angles by means of two splayed channel irons on the 
Out- 
side and inside T irons cover the other vertical joints, 
and serve to stiffen the structure, which is further 
strengthened by means of bracings and horizontal dia- 
phragms placed at intervals inside the shafts. Short 
cross girders near the top support the cast iron bed 
plates for the main girders. The height of these pier 
superstruct ures varies from 20 ft. to68 ft. In piers Nos. 
65-77 the superstructure and connecting piece are com- 
bined, on account of the reduced height of the piers, 
and assume the form of a tapered box, stiffened with 
channels and tees in the same way as the rest of the 
piers. 

In sinking the cylinders down to their several depths 
below the bed of the river, pontoons specially designed 
for the purpose were used They were constructed 
with two apertures of sufficient size to admit of the 
pair of cylinders passing through at their proper dis- 
tance from each other; and were also provided with 


of these has been adopted, and is carried in a hand four cylindrical legs, capable of being lowered down to 
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A, roof contact ; 
not practicable ; C, 


pointed key with extra contact ; 
G, ground contact on box ; 


mary cireuit ; 








B, rod or strip of metal, substitute for roof if roof 
secondary of 


double 
F, pri- 


induction coil; D, 
E, telephone receiver ; 
H, battery 
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case 
man, the operator himself, and can be attached and put 
in working order and transmit messages or receive them 
in a few minutes, 


NEW TAY VIADUCT. 
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DESCRIPTION OF 


By Mr. F. F. 8. inst. C. E., 


THE new viaduct across the Tay, near Dundee, which 
has once more established direet railway communica 
tion between the counties of Fife and Forfar after an 
interval of nearly eight years, is situated throughout 
the extent of the straight portion, or four-fifths of its 
total length, at a distance of 60 ft. center to center 
from the old structure. At the north end of the strait 
a curve of 21 chains radius gradually reduces the dis 
tance between them, until they join in a common cen- 
ter line at the point where they cross the esplanade at 
Dundee. Unlike the old viaduct, the new one carries a 
double line of railway, and consequently gains enor 
mously in stability from the greatly increased width of 
the piers. The chief dimensions of the new work are 
as follows: 

Feet 
South end of Wormit arching to high girders 3585 
High girders ve shed baneedee «ba . 3156 
North end of high girders to northend of viaduct 3786 


Total length=383 ft. short of 2 miles=10,527 
Ft In, 
Width between parapets. er ve a= 
Maximum width of piers at base... oa eo we © 
Minimum ™ : —e ‘ 36 «0 
Maximum headway above high water........... 77 0 
Maximum height of rails above high water.... 83 0 
Minimum = 55 - Tas 
Maximum height of piers from foundationstotop 141 6 


There are in all eighty-six spans, five of which consist 
of brick arches, and the remainder of girder work. Of 
the brick arches, four of 50 ft. span are situated at the 
southern end of the viaduct, and one of 2514 ft. at the 
northern end. Seventy-three of the piers have cylinder 
bases, and may be divided into two groups, forty-nine 
being constructed with wrought iron cylinder bases 


* From a paper recently read before the Institution of Mechanical En 
gineers, 


| 


The whole equipment for a car is carried by one | the bed of the river or lifted off it by hydraulic power. 


During the greater part of the time that cylinder sink- 
ing Was going on, four of these pontoons were employed, 


the dimensions of the largest being 80 ft. by 67 ft. by 7 
ft. deep. The work of cylinder sinking was carried out 


as follows: A pontoon having been floated into position | 


and its four legs lowered down to the bed of the river, 
the two cylinders for the pier were suspended in the 
apertures, and after having been lined with brickwork, 
were gradually lowered down to the bed of the river by 
means of hydraulic jacks. The excavation for the cyl- 


inders Was then proceeded with by means of a subaque- | 
Owing | 


ous digger worked by a crane on the pontoon. 
to the nature of the strata through which the cylinders 
passed, it was necessary to weight them in order to force 
them down as the excavation proceeded. In some cases 
as much as 400 tons were placed upon the cylinder for 
this purpose. Where silty sand was met with, the use 
of a centrifugal pump was found to be of great assist- 
ance. The coutinual pumping of the water from inside 


the cylinder caused the sand beneath the cutting edge | 


to be scoured toward the center of the cylinder, where 
it could be more readily got at by the digger. When 


| sunk to their required depths, the cylinders were filled 
; with conerete, and the pontoon was then floated away 


to the next pier. The depths of the foundations vary 
from 6 ft. to 3844 ft. below the river bed, as the average 
for the pair of cylinders. The shallowest foundations 
are at piers 7 and 8, where the cylinders rest on red 
sandstone; and the deepest at pier 20, which is founded 
on sandy clay. Thirty-three of the piers, including those 
for the thirteen large spans, rest on sand foundations, 
and the average depth to which these cylinders are 
sunk below the river bed is 2644 ft. The work of sink- 


ing the seventy-three pairs of cylinders occupied nearly | 


three years and a half, having been commenced on Ist 
February, 1883, and completed on 20th July, 1886. All 
the foundations of the cylinder piers have been subject- 


ed to a weight 33 per cent. heavier than that which | 


they will be required to carry. The test load, consist- 
ing of iron blocks weighing % ton each, was applied at 
the level of the tops of the cylinders before building the 
blue brick shafts upon them. The load on the pair of 
cylinders varied from 608 up to 2,438 tons. Under the 
gross weight of the test load and the eylinders them- 
selves, the minimum pressure per square foot on the 
foundations was 3°80 tons, and the maximum 6°80 tons. 
The subsidence of the cylinders in the latter case was 
only 14g in. The labor in carrying out these testing 


operations was very considerable, involving as it did the 
shifting of about 180,000 tons of weight*. 

Including the wrought iron arches near the north 
end, there are eighty-one girder spans. The followin 
are the lengths of the girders, taking them in the order 
| in = they are placed in the viaduct from south to 

north: 


Length of Girders. 
113 ft. 
129 ft. continuous in sets of 4 
and 2. 
13 145 ft. continuous in sets of 3, 
(5 “ S45 ft. 
oe oD) leg 
High Girders 1 “ 287 ft. 


No. of Spans. 
Southend 1 of 
10 7) 


2 245 ft. 
13 spaus, 1 “ 227 ft. 
t ° 245 ft. 
1 se 162 ft. 
11 “ 129 ft. continuous in sets of 4 
or 3. 
24 n 71 ft. 
1 - 56 ft. 
2 - 85 ft. wrought iron arches, 
4 " 66 ft. continuous over the 
four spans, 
North end 1 ' 108 ft. high girder. 


From piers 4 to 28, 41 to 78, and 80 to 84, each span con- 
sists of four lattice girders with top and bottom mem- 
bers parallel, the roadway being carried on the upper 
members. The outside girders, excepting for six of the 
spans, are those which carried the roadway in the old 
viaduct. From piers 28 to 41 and 84 to 85, where addi- 
tional headway is required, two girders only are used 
in each span, having curved top members, and the 
road way is carried on the lower members. In the four- 
girder spans the first operation, after completing the 
piers, was to transfer the girders from the old to the 
new viaduct. This was effected by means of two large 
pontoons, 80 ft. by 274¢ ft. by 3845 ft. deep, securely at- 
tached to each other ata distance of 20 ft. apart by 
means of connecting girders. Each pontoon was pro- 
vided with two wrought iron columns, the upper parts 
of which were telescopic and capable of being raised or 
lowered about 13 ft. by means of hydraulic rams at- 
tached to the fixed portion of the columns. These two 
adjustable parts were connected together at the top by 
across girder, upon which the girders of the old viaduct 
rested while in the act of being transferred to the new 
one. This operation was carried out in the following 
manner: About the time of low waterathe pontoons 
were placed immediately beneath the pair of girders to 
be transferred; and the telescopic portions of the 
columns having been adjusted to the required height, 
the pontvons gradually rose with the tide, and lifted 
the two girders, with their cross bracing and roadway 
above, clear of the piers. The pontoons with their 
load were then floated in between the new piers, upon 
which the girders were let down by lowering the 
columns. In this position, and with rails laid along 
the top booms, the old girders formed a roadway upon 
which the new girders, slung between two travelers, 
were run out, and were then lowered down between 
them on to the tops of the piers. All four girders were 
then opened out to their respective positions in width 
on the piers, and the cross bracing and decking above 
were proceeded with. The work of floating out the 
girders for the thirteen large spans near the center of 
the river, and of lifting them to the tops of the piers, 
was still more interesting. All these girders, with their 
deck plating and top cross bracing, thus forming com- 
pleted spans, were erected and riveted on a jetty cori- 
structed for the purpose on the south side of the river. 
The jetty was of sufficient size to allow of two of these 
complete spans being constructed simultaneously and 
side by side: and was provided with two openings or 
docks extending across it, at right angles to the diree- 
tion in which the girders were built. Upon the com- 
»letion of a span, the piers for which it was intended 
1aving also been finished up to the level of the top of 
the blue brick connections, the same pontoons which 
had been used in transferring the old girders, as just 
described, were again made use of, but stripped of their 
| columns and connecting piece, and thus made independ- 
ent of each other. These pontoons having been floated 
into the docks at low water, and placed in position im- 
mediately beneath the girders about to be floated out, 
|rose with the tide, and lifted the girders clear of the 
blocks upon which they had been built. They were 
then towed out on the east or lower side of the viaduct 
by four steam tugs; and when opposite to and parallel 
with the position they were to occupy, were allowed to 
drift slowly up with the flowing tide until the center 
line of the decking was exactly in the center Hine of the 
viaduct. 

In this position the ends of the girders were made 
fast to the piers, and were allowed to take their bear- 
ings with the fall of the tide. The next proceeding was 
to erect the wrought iron pier superstructures, in which 
) the plates that would interfere with the lifting opera- 
tions were only temporarily bolted in their places, so 
that they might be removed when necessary. For 
erecting these superstructures, a crane of sufficient 
height to command the whole work was fixed on the 
decking between the girders. As soon as the erection 
of the superstructures was completed, the next opera- 
tion was to construct inside each of the four shafts a 
temporary column, composed of steel angles (8 in. by 
416 in. by % in.) braced together, the four columns 
being of sufficient strength to carry the whole weight 
of the span, about 520 tons. The raising of the girders 
up these columns was performed by means of four 134% 
in. hydraulic rams, attached to the columns, and placed 
one under each of the end posts of the girders; and as 
the whole span gradually rose in 71¢ in. lifts, the bolted 
plates in the pier superstructure immediately above 
| the girder ends were removed to allow of their passing 

up the shafts, while those below were at the same time 
| replaced and riveted up. 

On arriving at their fall height, the riveting of the 
| piers having also been completed, the ends of the gird- 
|ers were transferred from the lifting columns to the 
| piers themselves, and the lifting columns were taken 
|down and removed. The raising of the thirteen large 
|spans occupied nine months, or an average of three 
weeks perspan. The decking or flooring isof the ridge 
and trough type. In the ease of the high girders, where 
there are only two girders to the span, it is construct , 
with plates and channels. The troughs are 16 in. deep, 
and 30 in. from center to center. In the rest of the 
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viaduct, where the decking has the support of four 
girders, the depth is reduced to 8 in., and the troughs 
are forined of corrugated plates, shaped in a hydraulic 
press, and connected on the ridges by coverstrips. The 
whole decking is of steel, and forms a continuous floor- 
ing from end toend of the viaduct, excepting at the 
expansion joints. 

The allowance for expansion is divided over thirty- 
two different places in the whole length, the sum of 
the caleulated allowances amounting to3 ft. 8in. As 
awatter of fact, however, the spaces provided admit 
of amuch greater variation than this. Where provi- 
sion is made for expansion, the girder ends rest on rock- 
ers. The parapets or wind sereens are of latticework, 
made of 3 in. by ,» in. bars, with standards about every | 
16 ft., and finished off at the top with an oak coping. | 
The effect they have in breaking up the force of the 
wind, and thereby protecting the roadway, is very re- 
markable. The permanent way is laid with cross sleep- 
ers, Which are bedded in ballast in the troughs of the 
flooring, and is provided with special expansion joints, 
placed over those piers where the girders rest upon rock- 
er bearings. The gradients areas follows: From south 
end to commencement of high girders at pier 28, 1 in 
762 falling; from pier 28 to pier 32, level; from pier 82 to! 
north end, 1 in 114 falling. 

The various materials used in the construction were | 
subjected to frequent testing throughout the work. In} 
the case of the wrought iron the test was that it should | 
withstand a tensile strain of 22 tons per square inch | 
with an extension of 64 percent. The following are 
the amounts of material used: 





Tons, 
Wrought iron in girders and piers....... 19,337 
Steel im MOorime. .....cccccess SN 
Cast iron...... EEE nt ones oscee ee 
25,487 
Cubic yards, 
Concrete (cement)....... pend Sibi kee 37,000 
| Rare ae ee, 


The calculations for wind pressure are based on a 
pressure of 56 1b. per square foot; and in estimating 
the area exposed to the wind. the beveled ends of the 
piers are considered as flat surfaces, the wind screen as 
a solid surface, and 50 per cent. is added to the area of 
the outside girders. Until this pressure is brought to 
bear on the structure, the holding-down bolts in the 
base of the pier superstructure do not come into play. 
The viaduct has recently been subjected to severe tests 
by the Board of Trade inspectors, the result being high- | 
ly satisfactory. Thetests were made with sixteen heavy | 
locomotives, the aggregate weight of which amounted 
to 955 tons. The maximum deflection of the high| 
girders was 15g in., when the span was loaded with en- | 
gines close together on both roads from end to end. 
The construction of the viaduct was commenced on 22d | 
June, 1882, and it was opened for passenger traffic on | 
20th June in the present year, the work having thus/ 
occupied exactly five years. The engineers for the} 
work were Messrs. W. H. Barlow & Son, Westminster; 
and the contractors Messrs. Arrol & Co., Glasgow. 

For engravings and further particulars of this great 
work see SUPPLEMENT, Nos. 503, 516, and 602. 





REFRIGERATING MACHINERY FOR THE 
STEAMSHIP FIFESHIRE. 


A NUMBER of influential gentlemen interested in the 
frozen meat trade were lately invited to an inspection 
of the refrigerating machinery on board the steamship 
Fifeshire, recently built by Messrs. Swan & Hunter, 
Wallsend, for Messrs. Turnbull, Martin & Co., Glas- 
gow, under the survey of Mr. John Wotherspoon, of 
Greenock. This vessel has been specially designed and 
built for the New Zealand meat trade, and embodies 
the latest improvements in marine engineering and | 
architecture. The engines are by Messrs. Blair & Co., 
of Stockton, and are of the triple expansion type, for 
working with steam of 160 lb. initial pressure. The | 
coal consumption will only be 20 tons per day, which is | 
remarkably low for a vessel carrying 5,000 tons at a | 
speed of eleven knots per hour. The forehold is en- 
tirely fitted out for meat carrying, and is insulated in | 
the usual manner with flake charcoal between two lay- 
ers of tongued ‘and grooved boards. Practically, the| 
whole of this hold is below the water level, so that it is 
not exposed to the direct rays of the sun. This is 
shown in the section above. The net capacity, after 
deducting insulation, air trunks, etc., is about 84,000 
cubic feet, which is equal to the carrying of some 30,000 
carcasses, or about 900 tons of frozen mutton. The cold 
air is admitted by a large wood trunk extending along | 
one side, and is withdrawn by a similar trunk at the} 
other side. 

The cooling machinery, which is said to be the most 
powerful of the kind ever applied to ship work, has} 
been designed by Mr. T. B. Lightfoot, Queen Victoria 
Street, E.C., and supplied by Messrs. Siebe, Gorman 
& Co., Westminster Bridge Road. It is illustrated by 
two views herewith, and consists of two patent ‘* Uni- 
versal” dry air refrigerators, each capable of deliver- 
ing 80,000 cubie feet of cold air per hour, with an inde- 
pendent surface condenser common to both. The ma- 
chinery is placed in the ‘tween decks, above the meat , 
hold, in a large, well lighted room. The air is drawn 
from the hold, and compressed to about 45 lb. per sq. 
inch in a double-acting compression cylinder, in which | 
operation, though the eylinder is water-jacketed, it 
becomes considerably raised in temperature. It is| 
then passed through welded steel coolers contained in 
the bed plate, and cooled by means of water circulated | 
by a pump to within a few degrees of the temperature | 
ofthe sea. After this the cooled compressed air is led | 
to the expansion cylinder, where it is expanded, in the| 
performance of work, to atmospheric pressure, and’ 
discharged direct into the trunk, cooled to from 60 
deg. to 80 deg. below zero, Fah., according to the tem- 
perature of the cooling water. The compression and 
expansion cylinders are arranged tandem fashion, with | 
one piston rod common to both. The driving power} 
Consists of a compound tandem steam engine with the} 
low pressure eylinder in front, placed alongside the air 
cylinders, and upon the same bed plate. The steam, 
which has an initial pressure 160 lb. per square inch, is 
expanded twenty times. Great care has been taken in 
the design of these machines, They are got up in the 








latest style of best marine practice, and the materials | count that Mr. Wotherspoon, the superintending en- 
employed have been carefully selected. One of the} gineer, recommended the adoption of this type of ma- 
special features is the extreme simplicity of the appa-|chine for the Fifeshire, and from the inspection there 
ratus, and consequent freedom from liability to get out | seems every prospect that he will not be disappointed. 
of order, and the makers state that, out of the fifty or|The two refrigerators are placed athwartship, as will 
more machines supplied, there has not been a single | be seen by the plan of the general arrangement of the 
instance of a breakdown. It was chiefly on this ac-' plaut.—The Engineer. 
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REFRIGERATING MACHINERY, STEAMSHIP FIFESHIRE, 


BOX CAR BODIES. 

Ir is very important that the body of a box car 
should be properly braced. The accompanying illus- 
tration represents three different methods in very gene- 
ral use, and the dimensions, ete., are taken from actual 
examples of the latest practice in ordinary box cars of 
lurve size. 
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janother form dangerous nicks, the stick being nearly 


severed at each of these places. These sticks have 
been broken at Bin serewing up the rod at A, while 
the cars were being built, and again they broke at C 
while screwing up the rod at D, these points being ful- 
crus in serewing up the rods, in conforming the plates 
to the camber of the sills. 

Care must be taken in serewing up these rods to 
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TYPES OF BOX 


The accompanying table shows the dimensions of the 
principal parts of the three cars : 
Principal Dimensions of Body Framing. 
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CAR FRAMING, 


tavoid throwing the car out of square at the door. 


These cars are provided with the ‘‘ Wagner door,” and 
if the opening does not conform to the door, it will not 
go upin its place. This trouble will occur if one side 
of the door is serewed up more than the other. 

The car shown in Fig 2, in size and dimensions, is 
nearly the same as in Fig. 1, but the sides are much 


q ; . : ~~ | more rigid. It has the same number of braces and 


Fig. 1 Fig. 2 Fig. 3. 
ft in. Mat. ft in Mat. ft. in. Mat, 
Length over end 
sills MM 6 u 0 36 4 
Length over body 4 8% 
Height, sill ’ 
plate 7 0 6 +) 7 0 
n n in n. in n 
Side sills <9 pine ) pine 5 » pine, 
End sills } 9 oak i 9 oak, 8 » oak, 
lransoms 6 16 pine, 6 0 (4) oak, 6 IS oak. 
Tie beams ilo tikg oak, ‘ Thy oak, 
Corner posts 5) ) pine > x 4 pine, 64% pine. 
Door posts ‘ ig pine 5 =< 3 pine, tex 474 pine, 
Braces 3 x4 pine 4 246 oak. | 2 x5 oak. 
Six per side,) 
Intermediate | 
posts 4 214 oak, 
Beit rail ; <4 pine, iby ; mak. 1 x4 pine, 
ft. in, ft. in. ft. in, 
Do, above top of 
sill ; 934 3 i) t 0 
n in in, in 
Sub-belt rail 14x 8 oak, 
Side plate $+ x 6 pine, e 
Corner posts rab 
beted for inside 
ining 2 2 
Door posts, rab- 
beted for inside | 
lining 1 2hg | 
ft it ft in. ft in 
Center of tran 
som from end 
of car ‘ She ) 0 ) 0 
Door opening } ~ b 0 


In the car body shown in Fig. 1 the bottom of the 
braces and posts rest in cast iron pockets, which are 
held in position by dowels, on the bottom, 1 in. X< 1 in. 
These pockets are not shown in cut. The top of the 
braces and posts are tenoned in side plates, tenons be 
ing lin. X 1 in. tin. on braces and corner posts, 
and lin. X lin. x 44g in. on door posts. The whole 
being confined by ten °4 in. vertical and angular rods 
and two 44 in. horizontal rods as shown in cut ; center 
of transom being 4 ft. 844 in. from end of ear. 

This is not altogether a satisfactory design, the ob- 
jection being that, first, itis not sufficiently rigid to 
withstand the severe shocks to which all freight cars 
are subjected The tendency is, after a continual 
bumping and jerking, to create a vertical vibration 
which will cause the braces and the nuts on the verti- 
eal and angular rods to work loose, thereby necessitat- | 
ing considerable attention in order to keep the car well 
tightened up. Secondly, there is not sufficient support 
to hold up the ends of theear. And thirdly, there is too 
much wood cut away from the side plate where the 
braces and rods meet. 

The latter is the most serious objection. On the 
top of the plates there are slots cut all the way across, 
lin. deep and 3in. wide, to receive a cast iron plate 
which acts as a washer for the rods. Immediately un- 
der these slots there are others cut all the way across, 
lin, deep and 4 in. long, to form shoulders for the 
braces, and in these slots there are mortises cut 114 in. 
deep, 1 in. wide, and 4 in. long, to receive the tenons | 
on the braces as shown. It can be noticed in the cut 
that the shape of these slots and their relation to one | 

















rods, and in addition to this it has a post placed at 
each brace as shown. These posts obviate the trouble 
whieh occurs in the car shown in Fig. 1, and the map. 
ner in which the transom post, corner brace, and 
rods are arranged form a very good support of the 
ends. 

The chief objection to this car (Fig. 2) is the inter. 
mediate posts and rod heads being let into the plate, 
All practical men know the disadvantage of letting 
bolt heads into soft wood. When AA are placed out- 
side, as at B B, a large washer can be used, which is an 
indispensable article for the side rods of acar. It can 
be readily seen that a side braced in this manner can 
stand much greater longitudinal shocks than that 
shown in Fig. 1. The dimensions and material of this 
ear are given in the table. 

Fig. 3 shows a perfect design with one exception. If 
the rods, B B, with good, broad washers under their 
heads were adopted, instead of being let down into the 
wood with iron plates under their heads, shaped ag 
shown at A A, there could be no objection whatever. 
The braces rest in cast iron pockets top and bottom, as 
shown. These pockets are held in position by dowels 
lin. x 1 in., together with the rods which pass through 
them. The bottom pockets are placed on the top of 
the floor. This is essentially the design proposed by 
Mr. John W. Cloud, and largely used on the Pennsy)- 
vania.—-Railroad Gazette. 


TRAMWAY ENGINE. 


At Southwick, near Brighton, on a length of about 
four miles of horse tramroad, experiments have been 
earried on, for about eight months past, with a tram- 
way motor constructed by Messrs. Aveling & Porter, 
of Rochester, under the patent of Mr. Alfred Greig and 
Mr. T. Aveling, the object of the designers being to 
produce a steam engine which will work efficiently and 
at the same time be so contrived that many of the ob- 
jections inherent in the ordinary steam motor may be 
avoided. The facilities they have had to observe the 
working of their improvements are of no ordinary na- 
ture. They have the free use of a road unrestricted by 
traffic regulations, and two double-decked cars capable 
of seating 120 person to drag about. A bountiful sup- 
ply of children seems to be a characteristic of the route, 
so if a load is at any time wanted, here it is, ready and 
willing at a moment’s notice. 

The road itself might have been laid out for experi- 
mental purposes, so fully does it contain all the require- 





| ments—eurves with a radius of 30 ft., gradients up to 1 


in 18 or 20, and fixed abominations in the shape of 
points which are open to either road at passing places, 
so that it is a matter of speculation when approaching 
them whether the front wheels of the engine will take 
one road and the hindmost another, or whether cars 
will follow properly or take a route for themselves, and 
so cause a pleasing variation not usual in the conduct 
of such traffic. 
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IMPROVED TRAMWAY LOCOMOTIVE. 
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One of the main objections to ordinary street tram 
engines of the locomotive type is that the working parts 
are carried close to the ground, so that mud and grit 
find their. way to them very easily ; hence the wear and 
tear is excessive, also the costof repairs. Another diffi- 
culty arises from the board of trade requiring that no 
steam or smoke shall be visible when working. To satis- 
fy this latter requirement many contrivances more or 
jess cuinbersome and inefficient have been introduced. 

The motor under consideration weighs, when in work- 
ing order, 10 tons ; its total length is 11 ft. 6 in. ; width, 
5 ft. 8 in. ; height, 9 ft. 6 in.; and the gauge of road itis 
running on is3 ft. 6in. The general appearance of the 
engine is shown by the perspeetive view which we give, 

while the sections on the same page will explain 
constructive details. 

The boiler is of the locomotive type; it is of steel, 
double riveted throughout: there are seventy-eight 
tubes, made of steel, 14g in. in diameter, beaded at the 
firebox end by one of Wicksteed’s tube beaders. The 
grate area is 5 square feet ; total heating surface, 148 
square feet ; working pressure, 180 Ib. 

The working parts of the engine are above the foot- 
plate, and easily accessible to the driver or cleaner. 
The cylinders are 544 in. in diameter, with 10 in, stroke, 
and the steam is cut off at 75 per cent. in full gear; the 
valve chests are outside the cylinders. 
on four wheels, with a base of 4 ft. 6 in., the wheels 
being coupled by the gear which also connects them to 
the crankshaft. The crankshaft is 3'¢ in. in diameter 
and upon it is fixed a pinion wheel 9 in. in diameter, 
which gears into an intermediate wheel 3 ft. 4 in. in| 
diameter, revolving on a stud axle fixed to the side of | 
the boiler ; this wheel again gears into toothed wheels 
97 in. in diameter fixed to the driving axles. The speed | 
of the crankshaft pinion is three times that of the road | 
wheels. The increased piston speed thus obtained is of 
advantage in starting. 

The ordinary system of springs has to be abandoned, | 
for the axles and crankshaft must maintain their rela 
tive distances. Hence, to take up the jarfrom the road, 
wheels with self-contained springs are introduced. The 
wheels are 3 ft. in diameter, and the spring acts on the 
movable tire, giving a play of about Y to 3g of an inch. 
These spring wheels, we may mention, are a modifica- 
tion of those which Messrs. Aveling & Porter have, 
for some time past, been applying to their traction en- | 
gines, and the good performance of which, on such en- 
gines, we have had occasion to notice. 

To do away with the discharge of visible steam and | 
smoke, the steam from the cylinders passes into a tank | 
on the footplate, to take up any priming and allow the | 
steam to expand before passing to the condenser, which 
is arranged over the roof of the engine. It consists of 
anumber of 1 in. tubes placed transversely and expos- | 
ing a condensing surface of 208 square feet. Ihe ends 
of the tubes lead into longitudinal boxes with divisions, 
to cause the steam to pass to and froin its passage from 
one end of the condenser to the other; the steam en- 
ters the condenser at the fire box end, and any surplus 
passes down a pipe into a tank fixed below the foot- | 
plate at the smoke boxend. In this tank any water 
mingled with the steam is separated, and such steam | 
as remains uncondensed passes to the exhaust nozzle | 
arranged in the chimney in the ordinary way. To as-| 
sist condensation a fan is arranged in the roof, and ex- 
hausts the air from among the condenser tubes. A con- 
tinuous stream of cold air is thus induced athwart the 
tubes. A special feature in the arrangement is the 
manner in which the fan (which is one of Blackiman’s 
air propellers) is placed so as to partially overlap the 
top of the chimney. It thus partially exhausts from 
the smoke box, insuring the necessary draught and, 
moreover, effecting a thorough mixture of the hot gases 
with any exhaust steam which may remain uncon- 
densed, the result being to render it invisible. The 
fan is driven by a small independent vertical engine 
placed alongside the chimney. 

The tank on the footplate feeds an injector, and the 
low tank at the smoke box end supplies a pump driven 
from the crankshaft. With this system of condensing 
itis stated that about three-quarters of the vaporized 
water is caught and returned to the tanks to be used 
over again. 

There isa hand brake and a steam brake, both under 
control of the driver. Automatic gear also applies the 
brakes and shuts off steam when the speed attains nine 
miles per hour. The speed is shown by aspeed indica- 
tor driven fromm the crankshaft. 

We lately had a run with the engine under notice, 
and neither smoke nor steam was visible during its 
working. The Blackman fan effectually dispels the es- 
ecaping products. Gas coke is used for fuel, and the 
manner of stoking is to fill up the fire box at each end 
of the run. It may perhaps be found advantageous 
to work this motor with low cars without an upper 
deck, as the fumes from the fuel are disagreeable, the 
absence of a high chimney intensifying this objection. 
Major-General Hutchinson, the inspector for the board 
of trade, has passed the engine.—Hngineering. 


THE CHANGE OF GAUGE OF SOUTHERN 
RAILROADS IN 1886.* 
By C. H. Hupson. 

WHEN Horatio Allen recommended a 5 feet gauge | 
for the South Carolina Railroad, he little thought that | 
half a century later an expenditure of over a million 
dollars would be required to undo his work. He did 
hot expect an extension of the iron rails, within that 
time, from ocean to ocean, nor that necessities would 
arise for running ears from one extreme of the country 
tothe other. His successors, in later years, were little 
Wiser, 

Time, however, has shown that prompt and economi- 
cal transportation requires that our ear, once loaded, 
shall go to its destination without transfer. To this- 
end, the 6 feet lines attempted to extend their wide 
gauges to distant centers of trade; while the 4 feet 
feet 814 inch and 4 feet 10 inch gauges tried to com- 
promise their troubles by changing the tread of their 
Wheels from the 34 inches of the early lines to5 inches, 
that they might run on both gauges. This was not 
altogether satisfactory, and another attempt was made 
to harmonize matters by the use of a compromise gauge 
of 4 feet 9 inches. This did better, and in time the 4 
feet 10 inch, or “Ohio” gauge, was changed to this or 





. 


1887 





A paper read before the Western Society of Engineers, June 7, 


The engine is | 


| lengthy discussion followed. 
portant line, whose business was mostly with North- | 





its successor, the 4 feet 9inch. The 5 feet 6 inch gauge 
became a thing of the past, and the 6 feet either became 
“standard” or laid a third rail, so that either ‘‘wide” or 
“narrow” trains could be run, and all equipment be 
kept in use until it was narrowed, when the third rail 
could be taken up. It became possible to run a car 
from the Atlantic to the Pacitic, north of the Ohio 
river and west of the Mississippi river. South of the 
Ohio and east of the Mississippi, however, the univer- 
sal gauge, save a few roads, was 5 feet. Interchanges 
of cars were not thought necessary, and all freight to 
and from this section had to be transferred from car to 
car. This burden was realized by both railroads and 
shippers, and arrangements were made to exchange 
trucks, till not a prominent point could be found on 
the border without its ‘‘hoist” and acres of extra 
trucks. This was expensive, both in time and ** plant,” 
and a change of gauge, which would do away with 
these ** hoists ” and the time and labor required to op- 
erate them, began to be talked of. Few, however, had 
| the courage to think of it as a thing of the near future. 
| The Illinois Central Railroad was the first line east 
of the Mississippi to meet the question and make its 
southern end conform in gauge to its northern, which 
|it did in 1884, giving a continuous 4 feet 844 inch line 
| from New Orleans to Chicago. 





|Ohio Railroad followed, and in July, 1885, changed to 
| 4 feet 8t5 inches. ; ; 
The most direct competitors of the Mobile & Ohio 


| Railroad, the Louisville & Nashville and Cincinnati 


Southern systems, saw that they, too, must change, or 
be at a disadvantage, and determined so to do. 

Other large systetus realized that they could delay no 
longer, but must move with the Louisville & Nashville 
and Cincinnati Southern. The smaller roads had no 
choice in the matter, but must join the ranks. 


At a meeting of the executive committee of the 


Southern Railway and Steamship Association (presi- | 
|dents of the various lines) held in the summer of 1885, 


a committee of general managers of the principal lines 
was appointed to take up the matter, formulate plans 


and fix dates, that there might be harmonious working | 
and the least possible delay and discomfort to the | 


public. : ; 7 
This committee met in New York in October, 1885, 


but nothing like a general or satisfactory discussion | 


was had. The more the managers looked into the 
matter, the nore they were impressed with its magni- 
tude, and the need for co-operation. Our chairman 
was requested to call a meeting of the managers of all 
lines interested, with the request that the heads of 


their transportation, machinery, and maintenance of | 


way departments be present to aid in the considera- 
tion of the questions. This convention was held at 
Atlanta, Ga., February 2 and 3, 1886, with seventy re- 
presentatives, of various grades, of thirty roads. Tues 
day, June 1, was fixed upon as the day for the general 
change, though some six or eight roads, for local rea 
sous, were to change on Monday, May 31. It was also 
agreed that branch lines might be changed at such 
other times as best suited the owners, the general change 
being so conducted as to best promote the interests of 
the through lines. Committees were appointed on 
transportation, roadway, and machinery, to discuss in 
detail matters pertaining to the various departments 
and to report to the convention for final action. 

The matter of the proper gauge to which we should 
change was taken up by the convention itself, and a 


western roads, that 4 feet 844 inches was the true gauge 
to be used. The greater parts of the roads changing, 
however, had their largest interchange of business with 
the East and Northeast, and consequently with the 
Pennsylvania Railroad system. There must necessarily 
be a large interchange of cars with that road, and it 
would follow that the gauge used should readily admit 
Pennsylvania Railroad cars, and that our cars must be 
acceptable to that road. It is true that the Pennsyl- 
vania Railroad cars do run on the Northwestern, or 4 
feet 815 inch roads; but it was the experience of sev- 
eral who had werked both gauges, that to haul a given 
number of car’ “ipon a 4 feet 844 inch track required 
more power tha 1 upon a 4 feet 9 inch track, because of 
the greater friction between the wheels and the rails ; 
the flanges in one case clearing the rail by three-fourths 
of an inch, while in the other the clearance is one- 
fourth of an inch, and sometimes less, especially when 
the trackmen have the track gauged a little too close 
—notan uncommon thing to find. Again, it is not an 
unusual thing for a wheel to be carelessly put on, and 
be too wide. 

It was the writer’s experience, a few years ago, while 
connected with a 4 feet 844 inch road, to send some P., 
Ft. W. C. cars to the Mississippi river loaded. 
They were undoubtedly 2 little too wide and the track in 
the yard where they went was a little toonarrow. The 
inspector found something wrong, and actually took 
the trucks out from under the cars and replaced them 
with narrow trucks, upon which he sent the cars to 
Chicago, while he loaded the wide trucks upon flats 
and returned them home in that way. 

One road in Ohio, formerly a 4 feet 10 inch * Ohio’ 
gauge, changed to4 feet 844 inches, and after a few 
months’ experience again changed to 4 feet 9 inches, 
and found that it was freed from many trials due to 
suiall clearance between flange and rail. 

It was at last decided that we would make 4 feet 9 
inches our gauge. This discussion brought out 
special committee on wheel gauge, who were to take 
up that question in connection with other roads of 


, 


both gauges and report at an adjourned meeting on the | 


16 of February. 


The transportation committee reported upon the| 


transportation feature of the problem, which chiefly 
pertained to the handling of loaded and the return of 
foreign cars prior to the change, in order that each 
road might have only itsown cars on the day of change, 
or the fewest possible cars of other roads. 

The machinery committee treated upon the matter 
of changing cars from a general standpoint, in order 
that the work upon those away from home, or upon | 
foreign roads, should be done in the manner desired | 
by the road owning the cars. Beyond that, they left 
each road to do its own work in itsown way. 

The committee on roadway went more into detail, | 
and based upon the experiences of the Mobile & Ohio, | 
and such other information as they could obtain, re- | 
ported as follows : 


Under the pressure of competition, the Mobile &| 


It was urged by one im- | 


a, 


‘We are of the opinion that no fixed rules can be 
adopted to suit all cases; but make the following gen- 
eral suggestions, which we hope will aid all in carry- 
ing out the difficult problem which we have to solve. 


I.—CHANGE OF GAUGE, 


First. On such day or days as shall be designated 
by the convention, the gauge of the track should be 
changed from 5 feet to 4 feet 9 inches, by moving in 
one or both rails, which rail, if but one, to be deter- 
mined by each road itself. 

Second. The entire line 
|} should be changed on.... .... as 
Third. The masters of roadway on each road should 
jassign the foreman foreach section for the days of 
| change, and issue such detailed instructions to supervi- 
| sors, in addition to the general orders issued, as may be 
| necessary 
| Fourth. Each road should fix its own rate of pay for 
| hands. 


between 





eteee 


II. —PREPARATORY, 


First. Supervisors should see that railroad cross- 
lings, switch tie bars for split and stub switches, and 
castings and bolts for Wharton switches, are at the 
laces required five days before the day of change. 
Peundathanes for railroad crossings should be examined, 
and when necessary new foundations should be framed 
ready for use on the day of change, 

Second. Supervisors should provide each gang fore- 
man with two adzes, and on May 1, 1886, preparation 
of the roadbed for the change of gauge should be 
| commenced, to be completed five days previous to the 
change of gauge. This preparation should consist of 
adzing the ties to a smooth and even surface with base 
of rail and clearing any obstructions even with the 
top of the tie for aspace of not less than five inches 
from the rail that is to be moved in. 

Third. Supervisors should also provide every gang 
foreman with two templates for setting inside spikes, 
and five days previous to change the work of drawing 
and setting inside spikes should commence. All inside 
spikes on the side of the track that is to be changed 
should be drawn, except the spikes in every third tie 
on tangents and every other tie on curves and one in 
side spike at every joint. Spikes should be set with 
templates in every third tie on tangents and every other 
tie on curves (not in same ties where inside spikes are 
left). Spikes should be set straight, and should pro- 
ject above the top of the ties not more than 1'5 inches 
and not less that °¢ of an inch under the heads, 

Fourth. All spikes drawn from inside of rail and not 
|redriven before the day of change must be straight- 
ened and placed on ends of ties in which the inside 
spikes for change of gauge are driven. 

Fifth. All roadway forces, where necessary, should 
be increased not later than thirty days prior to the 
day of change, so that by the day of change all such 
forces should be at least double regular number. On 
day or days of change there should be not less than 
three men to the mile, each road to divide them into 
squads to suit itself. On the day of change, service or 
jmaterial trains (engines and cars of standard gauge) 
| should be furnished, said trains to cover that day not 
| more than seventy-five miles, 
| Sixth. For a section of eight miles, with a gang of 
‘twenty-four men, the following tools should be pro- 
vided : 


1 5 feet gauge pole car. 

1 standard gauge level car. 

10 spike mauls, 

10 clawbars. 

2 axes. 

2 adzes. 

2 standard track gauges, 
track wrenches. 
water bucket. 

water barrel. 

tin cups. 

extra spike maul handles. 

kegs spikes. 

wonkey wrench. 

cleavers, 


| This list should be increased or decreased proportion 
| ately as section is increased or decreased. 

Seventh. Meals should be furvished for the forces on 
day of change by the railroad companies. 

Kighth. All track that can be spared from use 
should be changed previous to the day of the regular 
change. 


4 
| 32 
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Ill.—ON DAY OF CHANGE, 


First. The gangs should reach the position assigned 
to them at the hour specified on the day of change, 
land heginning after the last train passes, which train 
|should be provided with a special signal, to be desig- 
lnated. They should work in the direction designated 
|until they meet, regardless of section limits. 
| Seeond. The gaugeof main line should be changed 
first, and afterward the force will return to the various 
| sidings and change them as rapidly as possible, being 
sure to have their entire work done at sunset, or as 
| much earlier as possible. 
Third. The organization on day of change for eight 
mile sections should be as follows : 


4 men drawing inside spikes. 

8 men driving outside spikes. 

4 men driving inside spikes. 

4 men throwing rail. 

1 man with 5 feet gauge pole car. 

1 man with standard gauge level car. 
2 men extra. 


Fourth. An outside spike should be driven in every 
tie where there was an inside spike previously driven 
for standard gauge, and both should be driven down 
close to the rails. 

Fifth. In changing railroad crossings, the gauge of 
the crossing road should not be changed unless specially 
ordered by the superintendent through the master of 
road way. 

Sixth. In the matter of moving the outer rail on 
very sharp and long curves, if the rails jam, it is con- 
sidered that the difficulty can be remedied by throw- 
ing the track outward. The amount of this jam- 
ming should be ascertained beforehand, and curves 
should be previouly adjusted to prevent jamming on 
day of change. 
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Iv AFTER CHANGE OF GAUGE, 

First. lLimediately after change of gauge, gangs 
should proceed to full-spike their entire track, drawing 
and removing all ola spikes for that purpose. 

Second. The following order should be obcerved in 
spiking track after change of gauge : 

Ist. Spike turnout curves 

2d. Spike main line curves. 

#d. Spike bridges and trestles. 

ith. Spike main line tangents, 

5th, Spike siding tangents. 

Third. Foremen should be provided with tickets for 
paying their men on completion of change, and these 
tickets should be cashed by the nearest agent on pre 
sentation,” 

Upon February 16, the convention met, pursuant to 
adjournment, to receive and consider the report of the 
commnittee on wheel gauge. This committee sent cir 


culars, upon the subject of wheel gauge, to a large 
number of roads, both 4 feet 9 inches and 4 feet 8', 


inches gauge, in order to get their ideas and experience 
At the same time a sub-committee was started upon a 
tour of investigation, to learn what they could upon 
the matter. They visited a large number of roads and 
saw the practical workings, and consulted with the 
most experienced car builders in the country, After a 
eareful examination of the information thus obtained, 
the committee reported 

‘We recommend that 4 feet 5°¢ inches, allowing 
variations of 14 of an inch either way, be adopted as a 
standard gauge between flanges, and further recom 
mend that the limit gauge of the Pennsylvania Rail- 
road bejadopted ; that is, the smallest distance bet ween 
flanges be 4 feet Jinches, and the smallest distance from 
out to out of the tread of the wheel be 5 feet 4 inches. 
Any wheels than allowed by these 
limits to be rejected 

This was exactly what the master car builders had 
fixed upon as the proper gauge for wheels; but which 
as a recommendation, never having been 
accepted as a standard by any roads. The following 
statement shows the gauge, distance between flanges, 
and lateral play of a number of large systems 


measuring less 


only stood 





Distance 

( re betw i La il 

iN flanyves piny 
i In Name of road Ft In, In, 
i 9 Pennsylvania { §! y 
t 8's Illinois Central t 5%, MS 
ft 8 C., B. & Q + \¢ 
Qt sig L.'N. A. &C we 4 5%, 
( 8 N.Y.C.& H.R.R t HS, , 
4 8, Missouri Pacifie t 5! L4 
{4 8 L.S. & M.S... t Sy A 
$ 9 Rich., Fred. & P t 5%, Me 
4 81¢ Balt. & Ohio t Sy W4 
4 st C., M. & St. P t 53%, 8 
4 8t¢ C.& N. W = $ 53, 58 
i stg St. P., M. & M. t 5 " 
$ 9 Ches. & Ohio .4 5 4 
4 8% Pitts. & L. E.... t \4 


[It will be seen that the report was based upon the 
practice of many roads, and would undoubtedly give 
satisfaction to all. It was adopted by the convention, 

The general plan had now been blocked out, and 
individual work could commence with reasonable as 
surance that it would be in harmony with that of other 
The various officers had studied the problem 
to some extent before the meeting and had worked out 
many details in their own minds. They were thus 
enabled to compare notes, and avail themselves of the 
thoughts of others, gaining much valuable information. 
Some prepared and printed very elaborate instructions, 
intending to cover the minutest detail of the work, s« 
nobody could possibly err, only to find that the practi 
cal man on the track or in the shop diseerned ** 
unthought of by the formulator of the instructions, 
and found ways to overcome the difficulties, and 
in many cases was able to do his work in a better and 
cheaper way than was pointed out in the instructions 
: » more general way Was to print and issue only 
the general instructions, leaving much for department 
heads to work out according to the eonditions sur 
rounding them. Frequent and full personal consulta 
tious found to be useful. The work was of an 
extent and eharacter, all things considered, never be 
fore undertaken, and must be done at the time selected. 
There would be no chance to wait and see what others 
did or to correct mistakes 

The work of preparation 
mouths, and in faet was much more of a problem than 
the mere movingof the rail three inches. The 
engines and cars were of varied construction, and the 
conditions and facilities varied with the various roads 
and localities. A rule which would work well 
place would not of necessity be the bestin another. A 
which would be good upon one road 
not be the most economical in another. So the officers 
of each line tried to look at their problems with their 
surroundings, and decide for themselves how mueh of 
the general plan they could follow 

I zive briefly some of the plans and methods in both 
track and machinery matters, showing how details 
were handled 

While several roads had changed gauge, the condi 
tions varied much from these we now had to meet. In 
former cases there were plenty of neighbors or con 
nections from whom cars could be borrowed to keep 
their traffic moving, while in ours everybody had to 
look out for himself, and eould not help his neighbor 
if he would. We must take our traffic and 
change our cars at the same time. ‘lo do this we must 
withdraw a part of our equipment from service, and 
change it prior to the change of the track, giving us 
something to use as soon as the track was changed. 
Necessarily, this would inconvenience the publie some- 
what: but there was no other way out of the trouble, 
though a loss of earnings would follow. 

It was argued by some that the proper way would 
be to provide entire new sets of wheels and axles, so 


roads 


shige 


also 





were 


was spread over several 


one 


process 


care ofl 


that, at the change, the least possible time would be 
used in the transfer. The general idea, however, was 
that it would be very expensive and unwise. When 
we consider that with 15,000 miles of main track and 
1,590 miles of side track there were 1,800 engines 
and 40,000 cars, we see the great cost of that plan. 
327,000 new wheels and 163,000 axles could not be 


thought of, even if we did have nearly as many wheels 


| withdraw our cars, and if possible get half of them 


la matter of conjecture, as no one could tell in advance 


|to drop in and give trouble and delay. 


In one 


might | 


las a rule, laid. 
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and axles left over to be used in repairs. We must 





changed before the first of June. 

Cars so changed would be * parked” upon tracks, 
which would be prepared for the purpose, near the 
shops where the chauge wasmade. When the day of 
change came, it would be necessary to gather in all the 
remaining broad gauge cars at the same points and | 
‘park ” them upon these tracks, unless the road should 
be fortunate enough to have a large surplus of broad 
gauge tracks that were not needed for traffic. Very 
few Southern roads had this, an! the extra tracks were, 
A system with 5,000 cars would need 


about 30 miles. 
Just how much would be needed at each point was 


how many cars would be changed at any one point, or 
how many broad gauge cars would be hauled there at 
the last minute. Storage tracks, asa rule, could not be 
built very near the shops where the changes of trucks 
were made, so that tracks had to be laid connecting 
them with the shop tracks. 

The shop tracks were so arranged that both wide and 





narrow gauge trucks would cun upon them. This was as 
a rule done by putting some guard rails inside the 5| 
feet track, 4 feet 5inches out to out, so that the tread | 
of a wheel of the narrow truck would be kept on the 
rail of the 5 feet track. (See Fig. 1.) 

Some were laid with the outer rails 4 feet 1144 inches 
apart, and without guard rail. This, however, did not 
give good satisfaction, as the bearing surface was so 
small that a slight imperfection in the rail, or a curve 
that let the wheel run to one side, would cause a wiee!l | 


et 


————— 























The tracks | 
from storage yards to shops were sometimes laid with 
a guard rail (Fig. 1), and at others with two separate 
tracks on the same ties as shown in Fig. 2. 

This last was most satisfactory. Several ingenious | 
devices were used to switch from one track to another, 
all temporary in character and inexpensive. Expensive 
frogs in same way were avoided, where two tracks or 
rails were crossed and compound frogs ordinarily used. | 

In changes heretofore made, full sets of bridles for 
switches had in some cases been provided and 
“Wharton” switches thrown out, plain stub switches 
being put in their places. This seemed expensive, and 
would take up much valuable time on the day of 
change. 

We had various kinds of bridles. The old-fashioned 
ones for the stub switches, that clasped the base of the 
rail, as shown in Fig. 3, was cut near its center and 
had one end lengthened ; each part being at least 2 
feet 9 inches long. 


Three holes were either punched 
o FIG3. 











FIG. 5. Ss 
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or drilled through the bars near the end, the outer one 
2 feet 71, inches from the inside of the rail head, the 
next one 3 inches inside of that. This made the bars 
all alike, and no care had to be used to pick * rights ” 
and ** lefts.” 

These were put on the 5 feet gauge by placing the 
outer hole of one bar over the second hole in the other ; 
a bolt was then put through, a nut put on the bolt, 
and a spring cotter put in hole which had been drilled 





through the bolt. Another bolt through the other 
holes, and the bar was secure. On the day of change 


the bolts were easily removed, the bars moved 3 inches, 
the bolts replaced, and our track was 4 feet 9 inches. 

Fig. 4 shows the bars as changed and ready to be 
put together. 

Fig. 5 shows a bar which took hold of the flange of 
the switch rail, treated in the same way. 

Fig. 6 shows another kind, and the manner of its 
treatment is readily seen by the sketch. A hole is 
drilled 3 in. back from the one through which the orig- 
inal rivet or bolt was put. The manner of change is 
readily seen. 

With the ** Wharton ” there was more trouble, as the | 


i(and other wheels as well) 4 ft. 83g in. 


FIG.7 
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bars could not easily be removed to be prepared for 
change. It was found, however, that a casting could | 
be made that could be placed behind the elevated rail, 
which would hold it in3 in, seeurely, a longer bolt being | 
needed, 

Figs. 7and 8 show this so plainly that no further de- 
scription is needed. Five each of these bolts and cast- 
ings were needed for each switch. The safety throw | 
bar was simply disconnected to be lengthened and re- | 
placed at leisure. } 

Crossings were prepared by cutting out at the center 
the requisite length, and then keeping the piece in 
place by splice bars till the day of change, when the 
cut pieces were taken out and one side moved up to 
proper gauge. (See Fig. 9.) 

It was decided that the “ gauge” rail was the one 
to be moved. On lines without curves, or with very | 
few, this was undoubtedly correct ; but where curves 
were frequent and long, some provision must be made 
to overcome the “crowding.” The committee recom- 
mended that the track be thrown out. The tendency 
of trackmen is so strong to run the tangent into the 
curve, and so much of our line was curved (45 per cent. | 
upon one division, a large part of the curves being 6 
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degrees and upward), we felt that we must have some 
other remedy. 
Fig. 10 gives an idea of the plan of the committee It 
was claimed that we could cut rails soas to leave room . 
but our grades were high, and we felt that in the da ™ 
that would elapse between any such preparation oan 
the day of change our track would “ run,” as in faet it 
did constantly. We thought June 1 would be hot. and 
ym 1. 


4 
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thus any gap we might calculate upon surely be closed 
up. All this, of course, where the outside rail was the 
one to be moved. It seemed better to us to change 
sides, and in all cases move the inside rail. To do this 
we would change the “gauge” rail up to the tangent 
point the regular 3 in., the joint first beyond the tan. 
gent point (which we will assume at a joint nearest the 
actual 'T. P.) we will throw in 24 in., while the other 
rail will come in 44 inch; the second joint in same way 
will goin 2in., while the opposite rail comes in 1 in, 
at third joint the distances will be 14g and 114 in. ; at 





—— 


FIG.10 





the fourth joint, 1 and 2 in. ; at the fifth joint, 14 and 
246 in. ; at the sixth joint our outside rail will not move 
at all, while the inside rail will come in the full 3 in.; 
we continue to move the inside rail till within six joints 
of the next tangent point, when we commence to reverse 
the process. In the process of preparation spikes have 
been driven at each of the points mentioned. Fig. 11 
shows this plan. 


FIG.11 





The outside or elevated rail is the one usually used 
as the line rail upon a curve, so we were following the 
plan on which we started, viz., to move the “ gauge” 
rail. The wisdom of the plan was shown when the day 
of change came, and curves changed on this plan were 
found to be in better line than those changed by any 
other method. We tried all three plans spoken of. 

In the matter of locomotives the conditions varied 
much. Of the engine builders, the Baldwin Locomo- 
tive Works had probably been the most farseeing. 
For twenty years they had looked forward to this 
change, and had during that time so constructed their 
frames and fire boxes that, by using new driving wheel 
centers, the change could be made without changing 
other parts. Few other builders had, until compara- 
tively recently, given the matter any thought, and as 
a result many engiues were found that could be changed 
only by moving the frames in, and not unfrequently 
the fire box had to be altered. This meant a new fire 
box and heavy expense. Many engines were thrown 
out of service by the fact of the great cost of changing 
them. 

The 5 ft. engines measured between flanges of drivers 
As the gauge 
was narrowed 3 in , it followed that the new measure- 
ment would be 4 ft. 53g in., and this in fact was the 
measure fixed upon by the convention, with a limit of 
variation of 1g in. either way; so the frames must be 


l}enough less than this from out to out to give a reason- 


able clearance, or say 4 ft.5in. 1 think all our Bald- 
wins were within this limit ; but we found other engines 


| wider from out to out of frames, the frames being set 


out from the fire box and a “pad” placed between 
them. (See Fig. 12.) ; 

The *‘ pad” could be cut out and the frame set In 
against side of the fire box; but to do it, this frame 
had to be offset, as shown in Fig. 12. This was done 


FIG. 12 
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behind the rocker arm and in front of the pedestal or 
“jaw,” thus rendering unnecesrary the changing ° 
machinery, but enabled us to set in the boxes an 

wheels or tires to the proper width without cutting into 
the frame. ' 

To get proper information about all the engines, a 
curate measurements were taken of width of fire box, 
width bet ween frames, from out to out frames, bet ween 
hubs, between inside of tires, between rims of wheels. 
sizes of boxes and wedges, thickness of hubs, rims of 
wheels, ete. 

Blue print diagrams were prepared upon which were 
placed all these measurements, with the number of the 
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engine. From these the head of the machinery depart-| upon a cold chisel split this collar off, and we were | edge, should be devised, and thus be concealed as much 
ment could see at a glance what was required for each | ready to press the wheel the needed inch and a half | as possible from the enemy. But after this little was 
engine. upon the axle. done by the North with torpedoes, except for the pur- 


It was expected at the start that new driving wheel 
eenters would be required forall engines ; but examina- 
tion of our blue prints showed that upon our lines, at 
least in a majority of cases, this was not necessary. 
Some few engines, notably some of the old Rogers, had 
wheels that were dished tosuch an extent that by press- 
jing them off and putting on again, with the outside 
face inside, an inch and a half could be gained and the 
tire could go on as pacer A pen squarely upon the 
wheel. See Fig. 13 as originally, and Fig. 14 as turned. 


FIG.13 





It was found in practice that a new crank pin had to 
be put in. In many cases we found that we had thick 


hubs and heavy flanges to both driving boxes and | fo 


wedges, so that by taking from 4 to °4 of an inch from 


(To be continued.) 








(@ontinued from guevusman, No, 621, page 9922.] 
HISTORY OF SUBMARINE MINING. 
By SAMUEL RopMAN, Jr., U.S.A. 


THE zeal with which submarine mining was carried 
on by the South attracted attention in the North. 


| Means were at once devised for removing such obstrue- 


tions. Countermining was resorted to, and small boats 
were sent out with drag ropes and chains to fish them 
up. When countermining, a large raft, with a huge 
torpedo suspended in front, was pushed among the 
mines. In this way a passage for a fleet could be 
cleared. At the attack upon the works in Charleston 


pose of removing river obstructions, although many 
inventions were made to cover the necessary condi- 
tions. 

A mine vessel, the first used since 1809, was a feature 
of this memorable war. It was devised by General 
Butler, then in command of the land forces in the 
vicinity of Fort Fisher, and was intended to destroy 
this work. Although the Navy Department did not 
| place much confidence in General Butler's plan, they 
| supplied one vessel and the necessary powder. This 
| vessel, the former blockade runner Louisiana, was 
|charged with thirty-six thousand pounds of powder 
|packed in bags and barrels, each containing fifty 
|} pounds. Fuses were distributed throughout this im- 
| mense charge, and connected by quick match, so as to 
|effect a nearly simultaneous explosion at all points. 





harbor, April 7, 1863, the monitor Weehawken was | Over one of the central fuses was placed vertically a 
provided with such a raft, but as it proved a great im-| copper tube with a heavy iron ball suspended at the 
pediment to her movements, and by no means fulfilled | top, and so connected with clockwork mechanism as 
expeciations, its use was afterward abandoned, and | to fall on the fulminate below at the end of one hour. 





nets, booms, and drags were resorted to instead. 

The results obtained with submarine mines were of 
two kinds—direct and indirect. The latter not from | 
actual loss of vessels, but from necessary delays in | 
removing mines, whereby quick and decisive co-oper- | 
ation of land and naval forces was impossible. 

Among the direct resuits during the rebellion, the | 
llowing may be mentioned : 
The ironelad Cairo was sunk in the Yazoo river, | 


The vessel was taken up to the close vicinity of Fort 
Fisher during the night of December 23 and 24, 1864, 
the clockwork was set in motion, and the vessel left to 
perform her work. In order to make sure of an explo- 
sion in case the fuses did not work, a fire was started in 
the bow before she was abandoned. The explosion 
took place in one hour and twenty minutes, and 
whether from the fuses or fire is not known. Certain 
it is, however, that no harm was done. This is attri- 


the inside of the hubs, and } to /4 from the box and | December 12, 1862; a mine exploded under the monitor | butable to any one of three causes; Ist, the vessel was 


wedge flanges, we could gain at least one inch, and in 
some cases did more. This left not to exceed half an 
inch for the tire to project over the wheel center on the 
inside, neither an unreasonable nor an unusual projec- 
tion. This change wasa trifling one and done at a cost 
per engine of $130.67, including new crank pins. 

A new set of wheel centers, finished and in place, in- 
eluding pins, which would probably be needed, would 
cost $264.46. 

When changes were decided upon, and an engine was 
in the shop, they were made, and the tires were then 
put on at the old gauge, projecting outside the centers. 
They were used in this way without trouble until the 
day of change came. Fig. 15—original. Fig. 16— 
changed. 

Some of the more recent engines had their wheel cen- 















ters built expressly with a view to changing. They 
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were placed upon the axle, as would be required with 
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the new gauge; but the rim projected outwardly an 


Montauk, in the Ogeechee river, February 28, 1863, | 
but her commander saved the vessel by promptly run- 
ning her ashore; the ironclad Baron De Kalb was 
sunk in fifteen minutes by the explosion of a Singer| 
torpedo under her, in the Yazoo river, July 12, 1863; on | 
August 8, 1863, the gunboat Barney was badly dain-| 
aged by a mine in the James river; a floating mine 
completely destroyed the transport Maple Leaf, in 
the St. John’s river, April 1, 1864; in March of the 
same year, the ironclad Eastport was destroyed 4 
a mine, during the Red river expedition; in the joint | 
attack of Admiral Lee and General Butler against 
Drury’s bluff, on the James river, the Commodore 
Jones. was literally blown to pieces by a large electric 
mine; the loss of the monitor Tecumseh, together 
with her commander and seventy officers and men, oc- 
curred at Farragut’s brilliant forcing of the entrance 
into Mobile bay in August, 1864; in December of the 
same year, the gunboats Otsego and Bazeley were 
destroyed by mines in the Roanoke river; on January 
15, 1865, the monitor Patapsco was blown upin Charles- | 
ton harbor, and sixty-two officers and men went| 
down with her; on March 1, 1865, Admiral Dahlgren 
lost his flagship Harvest Moon by a sea mine; the 
union steamer Milwaukee was sunk by a torpedo in 
the Blakeley river, on March 28 of the same year; on 
the following day, the federal ironclad Osage was 
sunk just inside the bar, at the mouth of the Blakeley | 








not nearer than four hundred yards to the work ; 2d, if 
the explosion resulted from the fire in her bow, only a 
part of the powder could have exploded ; and 3d, the 
arrangement of fuses was such as to render a simulta- 
neous ignition impossible. Experiment proved that an 
interval of two minutes would elapse between the dif- 
ferent fuse explosions. Large masses of powder were 
seen to ignite in the air. To show the ridiculous effect 
of this vast undertaking upon the enemy, it is sufficient 
to quote the telegram sent to Wilmington after the ex- 
plosion, viz. : ‘* Enemy’s gunboat blew up ; no effect on 
the works.” 

The loss sustained by the union during the rebellion 
is reported to have been seven monitors and eleven 
wooden vessels. Many ironclads and wooden vessels 
were rendered temporarily unserviceable. 

It is evident that the terrible effects of submarine 
mines were shown forth more fully in this great internal 
conflict than ever before, and the heavy losses sus- 
tained by the union fleet attracted the attention of 
every maritime power and induced strenuous efforts to 
devise regular systems of torpedo defense. The seru- 
ples against the use of submarine mines slowly disap- 
peared, yielding to the necessity of employing them in 
coast and harbor defense and in naval warfare. 

Since the rebellion there have been few or no wars 
which furnish examples of the use and effectiveness 
of torpedoes, but most important countries of the world 


inch and a half more than usual, so that the tire coald lriver, by a mine exploding under her bow; on the 29th | 
be placed for the five feet gauge and still have its full| of April, 1865, the federal steamer Rodolph, while} 
support. (See Fig. 17.) When the tire was eventually | on her way with material for raising the sunken Mil-| 


moved to the narrow gauge, this outward rim would be! waukee, struck a mine and went down in a very few 





turned off. 


minutes ; and on April 14, 15, and 16 of the same year, 


Of course, we were not able to take all our engines|the federal steamers Sciota, Ida, and Althea were 


into the shop and press in their wheel centers; so had|sunk by mine explosions. 


The foregoing were all 


to be satisfied with some temporary arrangements that) union vessels, and were destroyed by mechanical and 


would give us the use of the engine until such time as/ electric mines of the defensive class. 


it could be taken into the shop. We decided to set tires | 
in leaving the centers unchanged. ‘This gave an inside 
projection of one and one half inches plus what little 
projection there night have originally been. 

When the rim was solid, there was no trouble in this | 
(Fig. 18), provided the tire was not too thin. We fixed | 
upon two iaches as a limit of thickness safe beyond | 
doubt. 

When the coring was in the middle and not large this 
was still safe. (See Fig. 19.) 


We sometimes, however, found very large cores, and | 
at one side (see Fig. 20), which gave us a very small | 
hold for our tire, and it was not deemed safe for road ser- | 
vice. To overcome this danger, we purchased a few new | 
tires 694 in. wide, with the outer corner cut away, as} 
shown in Fig. 
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wi. 


This gave us a bearing over the entire | 


FIG, 21 
FAW 


Hi 
WH 
y 





rim of the wheel, and was safe, no matter how large or in 
what position was the core. ‘The corner was cut off to 
save material and at the same time to save the bad | 
effects of a wide tire upon frogs and switches, The 
edge was left one inch thick. At some future time, 
when the engine goes into the shop and has new cen- 
ters put on, or the old ones pressed in, this extra width | 
of tire can be turned off. 

As to engine trucks: The frames had, in many cases, | 
been made of the proper width for the narrow gauge, 
and the wheels had been built with a heavy hub pro- 
Jecting an inch and a half inward (Fig. 22), so that it) 
would bear against the truck box. It was expected | 
that these wheels would be taken out and one inch | 


‘she was sent to the bottom. 


Offensive torpe- 
does and submarine torpedo boats were also used. The 
latter were cigar-shaped, pointed at both ends, built of 
sheet iron, and were searcely visible above water. The 
torpedo was carried at the bow, and these little boats, 
jokingly called Davids, attained a speed of seven 
knots an hour. One of them exploded a torpedo under 
the federal steamer New Ironsides, lying off Charles- 
ton, in December, 1863, but did little damage. 
carelessness in patrol duty at night by smal! boats was 
the cause of the David being allowed to approach 
the steamer ; and although strict orders were afterward 


The) 


have been and are conducting experiments leading to 
the adoption of some system considered most effective 
in case of war. 

Among the few examples may be mentioned the 
submarine mines of the Schleswig-Holstein war of 1864, 
when the Danes, wishing to oppose the passage of the 
Prussians into Alsen and Fuenen, had recourse to such 
weapons. These mines were both electric and me- 
chanical. The Prussians, however, did not make their 
attack where the mines were planted, and they were 
therefore of no practical use. The construction of the 
igniting apparatus in the mechanical mines was cu- 
rious. Demijohns filled with powder were the torpe- 
does. Through the cork projected a glass tube into 
the charge. At the lowerend it was bent U-shaped, 
and in the neck thus formed was placed some naphtha. 
On this floated three or four potassium pills. The end 
of the tube in the charge was corked with blotting 
paper, and around this in a small bag of caoutchouce 
some mealed powder. The end of the glass tube pro- 





issued to commanders of vessels that all possible pre- 


cautions against surprise should be taken, they were | 


not sufficiently well carried out in all cases to prevent | 
a repetition of what had happened to the New Iron-| 
sides, for on the 17th of February, 1864, a similar) 
attack was made upon the federal gunboat Housa- 
tonic, lving in the outer channel off Charleston, and 
An attack was made, | 
March 6 of the same year, upon the federal man-of- 
war Memphis, then in the North Edisto river, but | 
no success attended it. A similar attack, but also with- 
out success, was made upon the federal frigate Min- 
nesota, April 9, 1864, when she lay at anchor in Hamp- 
ton Roads, off Newport News. 

The success attending the use of torpedoes by the} 
South attracted great attention in the North, and| 
as naval operations, at least, were conducted on the of- | 
fensive, it was thought that spar torpedoes would be | 
the most effective. The brilliant achievement of Lieu- | 
tenaut Cushing, U.S. Navy, in destroying the confed- | 
erate ram Albemarle, lying off Plymouth, North} 


| Carolina, was rendered eminently successful by the use | 


of a torpedo of this class. The following general de- 
scription is given: The case was a copper cylinder, 
through whose entire length ran a hollow tube. At the 
lower end was a fulminate cap, and at the upper an| 
iron ball held in position by a pin. To the latter was 
attached a string leading into the boat. The torpedo | 


| case had two compartments, the upper an air chamber, 
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and one-half of the hub taken off when the change 
came,so that the wheel could be pressed on the new 
gauge. This would have taken too much time; so 
the inch and a half extra hub was left off all new 
wheels, but a cast iron collar or washer one and one- 
half inches thick was placed upon the axle inside each 
wheel and between it and the box (Fig. 23). When 
the day of change came, a few blows of the hammer 





| the lower for the charge. 





The whole affair was carried 


| at the end of a spar and held there by another pin with | 
|a string leading into the boat. 


The spar with the tor- 
pedo was to be pushed out when near the vessel to be | 


) attacked, and the torpedo released by drawing out the | 


pin which held it to the spar. The torpedo would} 
then gradually sink, and at the proper moment the} 
other pin holding the ball would be withdrawn, allow- | 
ing it to fall on the fulminate below. Lieutenant | 
Cushing’s attack on the Albemarle was made the} 


| night of October 27, 1864, and was a complete success. | 


It was considered as one of the most glorious affairs of 
the whole war, and created a great sensation. That} 
Lieutenant Cushing should have been able, with an | 
ordinary steam launch, to approach within twenty 
yards of the Albemarle and not be seen, shows that | 
there was great carelessness in picket duty on the ram, | 
and it became apparent that in future, when an enemy 
would be on the lookout for such an attack, some 
special form of boat, to lie very close to the water's 





jecting beyond the cork and outside the demijohn was 
blown into a bulb. The action of this apparatus was 
as follows: Upon a vessel breaking the glass bull, 
water would enter the tube, force the naphtha against 
the blotting paper, and being decomposed by the 
potassium would form oxide of potassium, thus create 
a flame with the naphtha and set fire to the charge. 
The whole chemical action is said to be almost instan- 
taneous. 

The Germans, however, drove the Danes out of Alsen, 
carefully fished up the mechanical mines and exploded 
the electrical ones, thus clearing the way for their 
navy. 

During the war of the Triple Alliance against Para- 
guay, Marshal President Lopez was finally forced to 
retreat to territory situated between the rivers Parana 
and Paraguay. Here his position and the nature of 
the surrounding country were such that attacks could 
be made upon him only by a co-operative advance of 
army and fleet from the south and along these two 
rivers. To prevent such an advance, he profited by 
examples set in the American rebellion, and planted 
submarine mines and obstructions in these riyers. 
They contained each about one thousand pounds of 
powder, and had fuses of the Jacobi pattern. The 
fleet of the Triple Alliance proceeded in September, 
1866, to make an attack upon certain fortifications 
lying south of Asuncion, the capital of Paraguay, so as 
to effect the capture of the latter place. One of these 
fortifications, Curuzu by name, withstood for several 
days the distant bombardment of the fleet, and soa 
nearer approach was decided upon. The Brazilian 
ironclad Rio de Janeiro, while approaching a safe 
anchorage from which to continue a nearer bombard- 
ment, struck a large mine. This, exploding, lifted the 
vessel bodily out of water, and sent up a huge column 
of spray, hiding her from view. When the water sub- 
sided, she was seen sinking. The explosion had broken 
her in two. Unfortunately for the Paraguayaus, their 
success With submarine mines ended with this fatal ex 
plosion. It is not known why more results did not 
follow. Here was an opportunity to effect the utmos, 
with submarine mines and obstructions, since the 
enemy’s advance was practically confined to the Parana 
and Paraguay rivers. Had an effective system of 
mines been used, the tide of battle might have turned 
in favor of the Paraguayans, but they showed little 
skill in their use of these weapons. 

During the Austrian-Prussian-Italian war of 1866, 
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Austria had reason to fear that, because of the small 
size of her navy, her shores would be attacked. Re- 
ports of the effectiveness of submarine mines used in our 
rebellion caused her to turn her attention to the use 
of these weapons. Consequeutly, it was decided to 
defend by them Venice, Pola, Lissa, Gravoso, and 
Cattaro, Sixteen mines had been planted in front of 
Venice, when a change of government in that province, 
and an armistice, followed soon by peace, made it un- 
necessary to continue the defense, so that Pola and 
Lissa alone remained to be protected. In this war is 
the first mention of a plan of co-operation of the navy 
with the system of submarine mines and land defenses 
for the protection of a harbor, and this very plan 
caused some change in the construction of submarine 
mines necessary, Simple mechanical mines could not 
be used, as they would prevent a fleet from maneuver 
ing among them. Hence, attention must be given to 
the electrical ones. Those fired by judgment—/. e., at 
the will of the operator on shore—had this difficulty, 
that observation stations must be established in order 
that the operator might know when a vessel should be 
in the dangerous zone of any particular mine, and in 
a large harbor like that of Venice it was not practica- 
ble to erect such stations, Judgment mines, it may 
be stated, as a general rule, should be used only in har 
bors where the entrance is so narrow as to render ob- 
servations on the position of a vessel easily, accurately, 
and quickly taken. Under these circumstances, it be- 
came necessary, in the defense ot Venice, that some 
device should be made which would render the action 
of the mines automatic—/ ¢., that an enemy’s vessel, 
on striking the mine, should cause the electric circuit 
te close, and thus work her own destrnetion, 

Baron Ebner, Colonel of the Austrian Corps of En- 
gineers, invented the first cireuit closer. Should 
friendly vessels pass among the mines, the operator on 
shore could switch the electric current off and render 
the mines inactive, even though struck. Ebner’s mines 
were cylindrical and made of sheet iron. They con 
tained one hundred pounds of powder. Nine buffers, 
projecting out of the upper part of the torpedo, com 
munieated the shock of a striking vessel, by means of 
a connecting rod, to a horizontal cog wheel fixed toa 
vertical axis passing through the torpedo. The axis 
carried the eleetriec fuse, which was placed water tight 
in the eharge. The turning of the cog wheel brought 
the fuse into metallic connection with the eable. By 
a special arrangement the completion of this circuit 
caused the change from a simple voltaic current to an 
extra current of high tension, necessary to fire the fuse, | 
and the voltaic current at the same time caused an} 
electro-magnet at the home station to release a drop 
number, thereby indicating the particular torpedo) 
struck. The explosion of a torpedo was shown by the 
deflection of a galvanometer needle. While friendly 
vessels were among the mines the electric current was, 
of course, switehed off, and if a torpedo should be 
struck, the cireuit-closing mechanism, acting with 
springs, would, after the blow, resume its original posi 
tion, ready for action again. Theoretically and experi 
mentally, these circuit closers worked very well, but 
the mechanism was not such that it could withstand 
the repeated shocks of friendly vessels and regain its 
readiness for action. At night the Austrians employ 
ed a large Bengal light, in order to detect any small 
boats of the enemy attempting to cut the electric 
cables, 

With these mines the two harbors of Pola and Lissa 
were defended. An attack by the Italians on Lissa 
was repelled by the Austrians on July 18 and no explo- 
sionsoeeurred A-second attack was not made, so that 
the mines never came into actual use, which might 
have shown forth Ebuer’s system more fully. 

| 





With this war closes the history of the actual use of 
torpedoes in the defense of harbors. For the rest there 
remains to treat of the results of experiments and in- 
vestis 





utions which have led to the adoption of torpedo 
systems by various countries. 

To trace out at length the various experiments made 
would occupy more space and time than are either 
available or necessary. The general questions for con- 
sideration were 1, The selection of the most effect 
ive explosive to be used in subaqueous operations ; 2, 
the size of charge necessary to rupture or destroy either 
an ironelad or a wooden vessel; 3, the best kind of 
envelope to contain the charge; 4, the kind of fuse to 
be employed and the number of points of ignition 
necessary in a certain mass of explosive substance to 
produce the maximum effect; 5, the kind of cables 
to be used ; 6, the disposition of the mines with refer- 
ence to the general plan of the harbor to be defended, 
and with reference to each other; 7, the selection of 
operating and testing apparatus and of the operating 
station. 

Investigations made to determine the most satisfac- 
tory solution of the points just mentioned have been 
very elaborately carried out in many countries, fore- 
most among which stand the United States, England, 
and Norway and Sweden. 

With regard to explosives, it has been determined 
that one should be seleeted which, when fired, causes 
sudden action, like a quick, sharp blow, as is the case 
with dynamite and guneotton, rather than a slower 
and more pressure-like action which results from the 
explosion of gunpowder. Hence, explosive compounds 
are more effective forthe work than explosive mix 
tures. 

The size of the charge varies in different countries 
with the size of the torpedoes. ‘The thinnest envelopes 
are best for subaqueous explosions, in order that the 
whole force may be expended in rupturing the vessel 
rather than that some should be lost in breaking the 
envelope. On the other hand, the envelope must be 
strong enough to withstand the constant pressure of 
water, as also any accidental blows from friendly 
vessels passing through the line of mines. 

As a general rule, most countries use what is termed 
a platinum fuse for igniting the charge, and which is 
exploded by a voltaic current. Guneotton and ful- 
minate of mereury are the ordinary 
stances, 

Submarine cables are, at present, best made in Eng- 
land, and she supplies many countries, including our 
own 

In this country dynamite No. 1 is used as the ex- 
plosive charge ; in England, guncotton ; in France and 
Spain, both guneotton and gunpowder; and in Hol- 
land, Austria, and Russia, guncotton. Since |880, how- 
ever, down to which time information has been pub- 
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lished in regard to the use of explosives for submarine | 
mines by different countries, there have been further 


experiments, and the recent introduction of explosive 
gelatine, which has an intensity of action under water 
of 142 per cent. as compared with dynamite No. 
taken as 100 per cent., tends tomake the former worthy 
of serious consideration as to its use in subaqueous 
operations of the future. 

It may be said that electrical mines have almost en- 
tirely superseded the mechanical, although some ecoun- 
tries still make use of the latter in the defense of har- 
bors which would only give refuge to hostile navies by 
affording them a safe anchorage. 

For asystem of electrical mines, then, there are neces- 
sary: An operating station placed in a sheltered posi- 
tion, good submarine cables carefully laid and pro- 
tected, where they emerge from the water, from the 
enemy's fire, electrical apparatus, and instruments to 
determine from time to time the condition of the mines, 
and all other aceessories necessary for the work in 
view. According to the depth of the water the mines 
should be buoyant or ground, and circumstances will 
decide whether they are to be electro-automatic, judg- 
ment, or electro-mechanical. 

In conelusion will be given briefly a few points taken 
from different torpedo systems. 

England uses electric torpedoes—gunecotton is the 
charge. The Matthieson circuit closer is employed. 

The torpedo cases are of steel or wrought iron for 
buoyant and east iron for ground mines. Their shape 
is spherical generally, although in some older models it 
is different, 
iron, and held together by rivets ; another is conical, 
topped by a hemisphere. The cable is led in at the 
base through a serew plug and into a can containing 
the igniting charge, fuses, and circuit closer. Electric 
lights are used for night work. 

France employs both ground and buoyant mines. 
The former are of cast iron, hemispherical in shape, 
with projecting toes to catch and hold in the mud. 
They contain 2,500 kilogrammes of powder. They em- 
ploy a separate cable for each mine instead of having 
a group for one cable. It is claimed for this that, 
should there be any defect in one of the torpedoes, its 
cable could be ent out and no other mines would be 
affected ; whereas, should there be a group of mines on 
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each cable, and one should fail, the rest of the mines | 
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would be useless. France prefers the simple automatic 
mine, but makes use of judgment mines in places 
where correct observations on the position of a hostile 
vessel can easily be made. The buoyant mine of the 
French consists of a cylindrical case of wrought iron 
with an exterior covering of wood. The charge varies 
from forty-five to fifty kilogrammes of wet compressed 
gunecotton. The electrical arrangement within is so 
constructed as to admit of either automatic or judg- 
ment firing. These buoyant mines are joined to their 
anchors by a mooring rope of abaca. 


matic, but the battery supplying the current is placed 
within the torpedo. It consists of six elements, and is 
connected with the cireuit closer, so that the impact of 
a vessel will cause the explosion of the mine. 

The cireuit closer used by the French (Fig. 4) con- 
sists of a disk of ebonite, a, through which a screw, b, 
with its head countersunk in a metallic ring, c, is 
passed. The ring has its upper surface covered with 
platinum, and is held tothe ebonite by screws with 
countersunk heads. 
which are (003 meter from the lower base of the cylin 
der, N, when the apparatus is in a state of rest. 


Through the center of the ebonite disk passes a brass | 


rod, terminating at its upper end in a small weight of 
conical form. Around this rod is coiled a spiral spring, 
which presses up against the base of the cone, tending 
to raise it. This is prevented by a large weight, f, 
also conical in form, 0°1 meter high, with a base 
slightly smaller than the diameter of the cylinder in 
which it acts. When a vessel strikes the torpedo, the 
large cone tips, the spring forces up the brass rod, and 
with it the ebonite disk and its rings and ears; these 
touch the base of the cylinder, N, and close the follow- 
ing cireuit: battery to fuse, fuse to screw, through con- 
ductor, A, thence to metallic ring, through its ears to 
N, thence to the torpedo case, sea, and home earth 
plate. When judgment firing takes place, the French 
use two observation stations, each supplied with tele- 
scopes for determining the bearings of the mines. 

Holland has adopted the Matthieson circuit closer of 
the English, 

Her mines are judgment and aatomatic. The 
general shape of the case is that of an inverted cone 
with bulging sides, and capable of containing a charge 
of from forty-tive to fifty kilogrammes of compressed 
guneotton. For judgment firing, a camera obscura 
is used to cast the reflection of the harbor on a map 
designating the position of the mines. 


One is cylindrical, construeted of boiler | 


For electro-ime- | 
chanical mines, the same cases are used as for the auto- | 


The ring has also four ears, m, 7”, | 
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Spain, because of the considerable extent of her seg. 
coast and the small size of her navy, has given eon. 
siderable attention to submarine mining. Her system 
seems to be made up, principally, from a combination 
of parts used by other countries. As an explosive, she 
proposes to take gunpowder, compressed guncotton 
and explosive gelatine. The fuse depends on the 
nature of the explosive and the class of mine. For the 
mechanical the Abel chemical fuse, and for all electri. 
'eal mines the Abel platinum fuse, are considered best. 
For small ground mines they propose the same form 
used by the French, making the cases of steel, however, 
and lining them with cork. For larger ground mines 
the form is the same, but the case is to be made of triple 
sheets of steel alternating with layers of cork. 

The adopted form of the Dutch buoyant mine—/, ¢,, 
an inverted cone with bulging sides—is proposed for 
use by the Spaniards, when small charges are to be 
employed. For larger charges the form is to be coni- 
cal, while the chamber to contain the explosive wil! be 
cylindrical. As in the others, the case is tu be made of 
steel plates, with a jacket of cork. Simple mechanical 
wines will be made of beer kegs ete., while the electro- 
mechanical will have the same form as the buoyant and 
ground mines, and will contain a small battery and 
the Matthieson circuit closer. Electric cables having 
seven cores will be used, and at the end of each core one 
mine. Leclanche batteries for firing and silver chlo- 
ride for testing will form a part of the operating appara- 
tus. For judgment firing the Spaniards prefer to use 
the camera obscura, 

In the above brief descriptions I have endeavored to 
give an idea of the principles governing the selection 
of various torpedosystems, 2nd only so far as relates to 
the defensive organization which falls within the 
sphere of land forces. The offensive organization is 
properly under the control of the naval forces, and | 
have not touched upon it to any considerable extent. 

There isaclass of mines known as fish torpedoes, 
whose functions are offensive-defensive. They are 
movable, and intended for use in connection witha 
system of stationary mines, Their object is to attack 
a vessel which seems to be successfully pening the 
lines of defensive mines. Such are the Lay, White- 
head, and Simms. When used in naval warfare, they 
come properly under the offensive class. 

Each and every country is governed by considera- 
tions affecting the extent of sea coast, number of har. 
bors and importance of same, when adopting a torpedo 
system, and while each nation which has paid attention 
to these matters considers its own system best under 
existing circumstances, yet actual practical results can 
only obtain from their use in war, whereby existing 
defects, as yet unforeseen, can be corrected, and the im- 
portance of this branch of warfare more fully estab- 
lished. 

The secrecy which governs in torpedo systems, and 


mation to be obtained, and but little is known as to 
| what has been adopted by countries other than those I 
have mentioned. 


COLLODIO-CHLORIDE POSITIVE PRINTING 
PAPER. 
By Dr. 8S. C. PASSAVANT. 


THE advantage of this paper over the ordinary silver 

paper is that it is from five to six times more rapid, is 
more brilliant, and very readily toned to any desirable 
color. Any suitable paper of a firm texture can be 
used, but it is preferable to employ special Saxe or 
line plain photographie paper, or, instead, chalk paper 
| used for Lichtdruck purposes. The paper is first 
| coated with a weak solution of gelatine and water, five 
lgrains of gelatine to each ounce of water, and then 
dried. It is next coated with a sensitized collodion 
lemulsion made after the formula devised by F. W. 
| Goldimacher, and deseribed in the Photographic Times 
las follows: ‘The preparation of this chloride of silver 
emulsion demands, in the first place, chemicals of the 
utmost purity and a strict observance of the order in 
which the different compounds are made. A two per 
cent. collodion will answer if the coating of the plate is 
proceeded with slowly. With three per cent. of cot- 
ton and the addition of one-half per cent. of castor 
oil, the film is stronger and more tenacious. 

Ordinary plain collodion sold by dealers in photo- 
graphie materials will answer, but should be diluted 
with ether to the proportions above stated. 

Three separate solutions are now prepared as follows: 





No. 1 
Nitrate of silver.. 20 grammes (308 grains). 
, reer 20 ¢ em. ( 5 drachms). 
Mieohol,......: 50 S ( 1214 . 


If, with the addition of the alcohol, a reerystalliza 
tion of the nitrate of silver should take place, the 
whole mixture must be placed in a warm water bath 
to be kept in solution. 


No. 2. 
Citric acid........... 5grammes(77 grains). 
| Perr e 70 e. em. ( 2144 ounces). 
No. 3. 
Chloride of strontium.. 5 grammes (77 grains). 
po eee 70 ¢. em. ( 244 ounces). 


Besides the chloride of strontium, other chlorides 
may answer as well. Chloride of calcium causes higher 
sensitiveness, but collodion prepared with it prints 
violet, while strontium proofs are more of a reddish 
tone, which allows a more correct observation in the 
subsequent toning process. A reddish tone allows us 
to see more distinctly the action of the gold bath 
| The citrie acid solution (No. 2) is mixed with chloride 
solution (No. 3) and the whole added to 800 ¢. em. (25 
fluid ounces) of plain collodion. This chlorated col- 
lodion ean now be sensitized by adding the silver solu- 
tion (No. 1) very gradually and by frequent agitation. 
To be done by a subdued light (gas or lamp light). 
The emulsion should be filtered through a thin layer 
of cotton, after standing a few hours, But as the 
chloride of silver is held in suspensiou the bottle should 
‘be vigorously shaken just before filtering, in order 
that the particles of silver may pass through. Shak- 
ing the bottle prior to coating is also necessary. 

The paper is stretched or a board and clamped by 4 
| light frame around the edges. The collodion is thet 
poured on near one corner, and by giving the board @ 
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2 
series of movements with the hand the collodion 
ually flows over the entire surface (similar to the 
coating of a glass plate with collodion), while the sur- 

us is drained off at the opposite corner into a -. 
rate bottle. A special hole or niche should be provided 
in the lower corner of the frame to allow the collodion 
to easily flow off. , ‘ 

It is also better to use a thin collodion and recoat the 

per two or three times, running off the collodion of 
subsequent coatings at the ———— corner from that 
of the previous coating, which tends to produce a very 
even film. Paper coated very heavily is apt to roll = 
in the water in a very objectionable manner, and will 
erack when drying. y bending the edges of a sheet 
of paper over a glass plate, the paper can be very 
readily coated. Itis also advisable to add additional 
alcohol and ether occasionally to the collodion, to re- 
place that evaporated by frequent lifting of the stop- 


r. 
PThe paper must be dried in a well ventilated room. 
Dampness is very injurious. Quickly dried paper is 
also more sensitive and prints with more brilliancy. 
It is preferable to cut the paper with a dull pair of 
scissors than with a knife, as there is less danger of 
injuring the film. 

he prints should be washed before toning sufficient- 
ly to take off the surplus silver. 

A sulphocyanide of ammonia gold bath without 
the addition of hyposulphite of soda answers the best 
for toning, and the latter operation procecds very 
smoothly, provided the paper is not too old. If kept 
longer than a week, it is liable to tone very irregular. 

A great variety of tones can be obtained, from a pro- 
nounced red to a distinct blue, according to the length 
of time the print is kept in the bath. 

Goldmacher advises the following proportions for a 


TONING BATH. 


Gold Solution. 


Chloride of gold 1 grain. 
Wa stscancuteveienas 200 c. em. (6 ounces). 


Sulphocyanide Solution. 
Sulphocyanide of ain- 
monium.... 10 to 20 grains. 
Watets occ cvscsccoces 500 c. cm. (1546 ounces). 


The gold solution is now added to the above, when a 
red precipitate will occur, which, however, redissolves 
ina few days. When perfectly clear, the solution is 
ripe and ready for use. Fifty ¢. cm. (144 ounces) of it 
put into five parts of water will tone one sheet of 
18X22 paper. If the sulphocyanide solution is made 
strong, the tones will be warmer; if weak, then they 
will become more violet or blue. An old bath used 
several times produces fine sepia tones. 

After toning, the print is slightly rinsed, and is then 
immersed for ten minutes in an alkaline fresh 


FIXING BATH. 


Hyposulphite of soda 1 ounce. 
Water.... 30 ounces. 


The bath may be made alkaline by the addition of 
a little ammonia. 

After fixing. the prints should be washed for three 
hours in several changes of water. 

Owing to the delicate character of the collodion film 
and its liability to be defaced, it is necessary that the 
greatest care be exercised in the manipulation of the 
paper. 

Liesegang has suggested the application of this col- 
lodion film to wood, porcelain, ete., in the following 
manner: First, a sheet of smooth gummed commercial 
paper is flowed with the emulsion, as previously de- 
scribed, the print is made, but not toned and fixed. 
It is then transferred from the paper to  ° desired 
support. The wood, porcelain, ete., on which the 
print isto be transferred is previously coated witha 
thin film of gelatine. The print—in a wet condition— 
is now squeeged on to the porcelain, or other support, 
and the whole soaked in water at the ordinary tem- 
perature for five minutes, or until the gum coating be- 
tween the collodion film and paper softens sufficiently 
to allow the paper to be easily pulled off. We then 
have a transparent film left on the porcelain. The 
picture is toned, fixed, and washed on its new support 
in the usual manner. 

A reversed position will be given to the picture, but 
this will be of no consequence when it is used as a 
transparency or a lantern slide. 

[Nork. —Specimen prints of a very beautiful charac- 
ter, made by the above process, have been sent to us 
by Dr Passavant.—Ebs. ] 


IMPROVED WINE PRESS. 


Mr. Ev@ENE Masson has devised a continuous 
wine press, which may be used also for making cider, 
and which we illustrate herewith. In this apparatus, 
the system ordinarily used is replaced by cylinders. 
In this way a pressure can be obtained ten times 
greater than with a screw press, and the pressure is 
exerted upon a mass of pulp one-quarter of an inch 
thick without crushing the seeds. The apparatus con- 
sists of the following parts: (1) Of a cast iron frame 
mounted upon four supports ; (2) of two compressing 
cylinders revolving in opposite directions and contain- 
ing a certain number of apertures to allow of the flow 
of the juice ; (3) of two tin-plated receivers beneath the 
cylinders ; (4) of two hair cloth belts meeting between 
the perforated cylinders, and between which the mate- 
rial to be pressed is inserted ; (5) of four wooden rollers 
serving as guides to the hair cloth ; (6) of two circular 
brushes serving to free the hair cloth belts of such 
residue as might adhere to them; (7) of two levers 
that act through two pistons against the axle of the 
compressing cylinder, and at the extremity of which 
are placed counterpoises to exert the desired pressure ; 
(8) of a vertical iron shaft, to which are fixed a bevel 
Wheel that transmits motion to a whee! adjusted to the 
axle uf one of the cylinders and a double socket that 
receives the wooden lever to which the horse is har- 
essed ; (9) of a hopper over the cylinders for the re- 
ception of the fruit ; (10) of two tin-plated gutters fixed 

‘neath the hair cloth, and serving to receive the very 
Small quantity of juice that might trickle from the 
edges of it; and (11) finally, of a collecting pipe that 
receives all the juice and leads it to the reservoir. 

It takes but two men to work the press. 


pulp or rasped apples to the table at the side of the 
machine, and keep the supply up, and to carry away 
the residua that falls to the ground or into any sort of 
receptacle. It is the duty of the other man to pour 


certain quantity of it over the cylinders. 

The material is carried along by the two cylinders, 
and, in passing over their line of contact, receives a 
»yressure more than sufficient to exhaust it perfectly. 

his pressure may be carried as high as 150 kilos. per 
square centimeter. 

The residuum detaches itself from the hair cloth on 
coming from the cylinders and falls continuously in a 
stratum of the width of the belt, and the juice flows in 
a continuous stream through the lateral pipe. 

The time that it takes to do the pressing is about the 
same as that consumed in putting the material into 
any ordinary press. 
idea of the saving in time effected. Let us add that in 
the material can receive but a feeble pressure, the 


to place them in the middle—an operation that is re- 
peated several times during the same pressing—and 
the mare thus cut cannot fail to give a certain bitter 
taste to the wine. As this operation is avoided in the 


etter quality.—Chronique Industrielle. 











OPHTHALMOLOGY. 


AN introductory lecture at St. Mary’s Hospital, Lon- 
don, was delivered by Mr. A. Critchett, Ophthalmic 
Surgeon to and Lecturer at St. Mary's Hospital. Speak- 
ing of the studies in which he himself is chiefly interest- 





ce 


ed, Mr. Critchett said he was old enough to remember 
the introduction of the ophthalmoscope by that great 
teacher and thinker Helmholtz, who, he rejoiced to say, 
yet lives to witness the priceless boon which his dis- 
covery has conferred upon the human race. It was 
difficult for those who are now familiar with its use to 
conceive the wondering eagerness with which the orig- 
inal workers sought, by the aid of their new weapon, 
to bring to light those numerous hidden diseases of the 
eye which had till then been only partially and most 
imperfectly recognized. Numerous modifications of 
the instrument have since been introduced, and among 
the most recent and most useful improvements has been 
the ingenious adaptation of the electric light to the 
ophthalmoscope by Mr. Juler. After alluding to the 
\labors of his late father, of the venerated Nestor of 
| English ophthalmic surgery, Sir William Bowman, 
jand of the much lamented Von Graefe, the lecturer 
jreminded his hearers of the colossal work which had 
| been achieved by Prof. Donders, who had opened out 
|}a new world for thought and investigation, and had 





|elevated the study of practical optics to the dignity of | 


| & sclence. 


SERPENT VENOM. 
| AN interesting resume of an important monograph 
| by Messrs. Mitchell and Reichert on the venom of 
| poisonous serpents, published by the Smithsonian In- 
| stitution, appears in the Dublin Jowrnal of Medical 
| Setence (May, p. 443). The authors, in a previous trea- 
tise, have pointed out that serpent venoms are not 
simple in composition, and have suggested that the 
differences in their power to kill and mode of causing 
death are due to differences in the quantity and quality 
of the constituents. It has been found that the solid 
matter suspended in fresh venom is inert, and that 


venom are without effect. The poisonous matter must 
consequently exist in solution. 
found, but the venows contain certain proteid substan 
tm to which the poisonous properties are attributed. 





These proteids are of two classes, globulins and pep- | 
tones, the relative proportions of, which differ very | 
t The duty of | much in different venoms, the globulins preponderat-|This wire is connected to the positive pole of two 
one of these is to bring a certain quantity of grape' ing in the venom of American snakes and the peptones j large cells of the ferric chloride battery, when an in- 


the inaterial into the hopper, and always to keep a|‘ 


From this may be obtained some | 
most of the presses hitherto employed, as the edges of | 


operator is obliged to cut them with a hatchet in order | 


ps under consideration, the wine obtained is of a) 
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pure cultures of the micrococci constantly found in| 


No alkaloids have been | 


lin the cobra venoms. Three kinds of globulin have 
| been separated, one by the addition of water, one by 
dialysis, and one by the cautious addition of cupric 
|sulphate, and these have been named respectively 
‘ water-venom globulin,” ‘* dialysis-venom globulin,” 
| and ‘‘ copper-venom globulin.” 
| After the separation of the globulins the residue 
| gives no precipitate on boiling, but still contains the 
peptones. A comparative study of the physiological 
action of the venom globulins and peptones showed 
that the globulins produce swelling and blackening of 
| the parts by infiltration of incoagulable blood, modify 
the red corpuscles, and produce molecular changes in 
the capillary walls. They are also powerful depress- 
ants of the heart and paralyze the respiratory centers. 
he peptones are more active in the production of 
cdema, in the breaking down of the tissues, and in in- 
ducing putrefaction and sloughing. These and other 
distinetions explain the varying pathological changes 
which are caused according as the globulins or pep- 
tones preponderate in the particular kind of venom 
injected. When snake venom is brought into contact 
with the mucous membrane of the stomach in the in- 
tervals of digestion, sufficient absorption may take 
place to prove fatal, this being more probable with the 
diffusible peptones than with the indiffusible globulins, 
but the influence of the gastric juice is often sufficient 
| to destroy either of them before absorption can take 
The best local antidote for snake venom was 
found to be potassium permanganate. Bromine and 
strong alkalies also proved effective. Ferric chloride 
lis useful to combat those venoms which owe their 
poisonous properties to globulins. But the authors 
consider it would be idle to search for a chemical anti- 
‘dote to the poison when once it has entered the cireu- 


| place. 





PRESS. 


lation, because the active principles of the venom are 
| proteid, and any agent acting upon them would also 
| destroy the normal proteids of the blood, 


N ELECTROLYTIC METHOD OF PREPARING 
METALLIC ALLOYS, ETC, 


By H. WARREN, Research Analyst. 


A 


| THE following method of preparing metallic alloys, 
| such as silicides, bronzes, ete., has lately been satisfac- 
| torily wrought by the following process, which differs 
| slightly from the manner in which mercury amalga- 
mates or combines with mostly all other elements, ow- 
jing toits liquidity. By substituting for the mercury, 
| iron, copper, zine, ete., these metals may be readily 
made to combine with the more oxidizable elements, 
such as silicon, phosphorus, etc., by so arranging the 
process that the metal employed for forming the alloy, 
when ina fluid state, is connected with the negative 
pole of a voltaic series, and in direct contact with the 
substance containing the element with which it is de- 
sired to combine it. 

The apparatus employed consists of a deep conical 
erucible, through the bottom of which is inserted a 
pointed graphite rod, projecting about an inch within ; 
the remaining poriion being protected by passing 
through an iron tube coated with borax to prevent oxi- 
dation when exposed toa furnace heat. The extremity 
is furnished with a binding serew or clamp, and con- 
nected with the negative pole of the batteries em- 
ployed, the whole arrangement being heated to the 
melting point of the metal employed to form the 
alloy by the aid of a smaii furnace. Taking, for 
instance, the preparation of silicon bronze: having 
introduced a sufficient quantity of metallic copper into 
| the crucible, add sufficient potassium silico-fluoride to 
form when melted a layerabout 2in. indepth. A thick 
| platinum wire is arranged so that its point just touches 
the surface of the melted silico-fluoride (eare being 
taken that the melted copper remains sufficiently low 
so as not to come in contact with the positive pole or 
platinum wire, otherwise the action is of course neutral- 
ized and the power of the batteries uselessl y exhausted), 
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stantaneous action is at once perceptible ; dense white 
vapors of hydrofluoric acid are at once evolved from 


the platinum wire, the potassium silico-fluoride becomes | 


entirely decomposed, and the whole of the silicon when 
in a nascent state unites with the metallic copper to 
form a brittle silicide, which may be converted at once 
into silicon bronze by the usual method, according to 
the percentage of silicon present. 

Phosphor and other bronzes may also be readily 
formed by slight alteration. 

For the preparation of silicon-eisen the substitution of 
iron in place of copper is all that is required ; the silicon- 
eisen so employed presents the appearance of ordinary 
hot blast silicide. 

Native cryolite may also be readily decomposed when 
in contact with metallic zine, and by suitable means 
the zine may be volatilized, leaving pure aluminum. 

Magnesium, and the earthy metals, barium, stronti- 
um, and calcium, have as yet not been satisfactorily 
obtained as alloys.—Chem. News 


THE KALI GHAUT, CALCUTTA. 
THE ghauts, or steps to the river, on the banks of 


the Ganges and Hooghly, at Benares and Calcutta, are 
conspicuous features of those cities, and give access to 
the sacred stream for Hindoo rites of purification and 
sanctification, by which many thousands of religious 
pilgrims seek to atone for their sins or for those of 
their deceased parents. The goddess Kali, the wife of 
Siva the destroyer, is one of the most awful personages 
in Hindoo mythology she is black, with hair that 
hangs down to her feet, and with her tongue always 














thrust out of her mouth ; she has four arms, holding in 
one hand a cimeter, in the other the head of a giant 
whom she has killed, while the remaining two hands 
are stretched forth to welcome her worshipers and to 
bestow her gifts upon them. This amiable female di- 
vinity is adored by the people of Bengal; and her Cal- | 
cutta temple, on the Kali Ghaut, is much frequented.— 
Illustrated London News. 


M. EIFFEL. 


M EIFFEL, the projector of the tower of Babel for 
the Paris exhibition, is no novice in the matter of huge 
engineering constructions He made the framework 
of Bartholdi’s * Liberty,” and exeeuted the grand ves 
tibule and the principal facade of the Paris exhibition 
of 1878, a work which came to three million franes. 
One of his principal works is the bridge which he erected 
over the Douro at Oporto, on the Lisbon Railway, in 
1876, which is, indeed, one of the finest specimens of en 
gineering skill in Europe. The river is spanned bya 
magnificent arch of 160 meters at a height of 61 meters 
from the river, and is executed with a view to the art 
istic effect as well as its stability. This bridge cost a 
million and a half franes. 

Another remarkable work of M. Eiffel is the railway 
viaduct of Garabit, over the valley of Truyere, in the 
middle of France, whieh cost 3,248,000 franes. Here 
the opening of the arch is 165 meters, and the height 
above the water 124 meters. He has also constructed 
some railway and viaducts remarkable for 


bridges 


their length, such as a bridge at Szeged, in Hungary, 
which is 606 meters long, and one at Vianna, in Portu- 
gal, which is 736 meters,—TZhe Architect, 
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| THE ZODIACAL LIGHT. 
| By J. E. Gore, F.R. A.S., Honorary Associate and Vice- 
President of the Liverpool Astronomical Society. 


THE zodiacal light is a cone-shaped, or lenticular, 
| beam of light, which makes its appearance at certain 
| times of the year above the eastern horizon in the 
|} mornings before dawn, and above the western horizon 
after sunset in the evening, remaining visible long after 
twilight has ceased. The phenomenon requires no in- 
struments for its observation, and may best be seen 
with the naked eye. 

The light i8 generally assumed to be due to a sort of ne- 
bulous envelope surrounding the sun, extending beyond 
the earth’s orbit, and consisting of finely divided mat- 
ter of some sort, which shines either by reflected sun- 
light or by inherent light of its own due to electrical 
or chemical action. The hypothesis that it is a terres- 
trial appendage, and not a solar one, has been shown 

| by Proctor to be inconsistent with its appearance and 
position as seen in northern latitudes. 
| ‘There have been numerous observations of the zodia- 
eal light recorded by experienced observers, but it has 
been remarked by Sehmidt that all the observations in 
the years 1855 to 1868 seem to add little or nothing to 
our knowledge of the position and true character of 
this mysterious phenomenon. The first regular obser- 
vations seem to have been made by Commander Jones, 
in the years 1853-1855, while engaged on the United 
States Japan 
seems to be due the discovery that the apparent posi- 
tion of the light varies with the inclination of the 
ecliptic to the horizon, 
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The zodiacal cone, as it may be termed—to dis- 
tinguish it from other allied phenomena, which have 
been called the zodiacal band and the Gegenschein— 
is, according to Lewis, the only part of the phenomenon 
which varies in appearance. It has often been de- 
scribed in popular works on astronomy, but is fre- 
quently misrepresented, especially in pictures intended 
to represent its appearance, but which generally show 
it much brighter and more clearly defined than it is 
usually seen, at leastin northern latitudes. The bright- 
ness of the zodiacal light depends upon the time of 
year. It is most visible when the ecliptic makes the 
greatest angle with the horizon, and is, therefore, best 
seen by an observer in these latitudes in the evenings, 
from the middle of February to the middle of March, 
and in the mornings about October. As beginners 
often find a difficulty in perceiving the zodiacal light 
from not knowing what to look for and when to look 
for it, observations may be most suitably made at the 
above-mentioned periods of the year. A clear evening 
or morning should be chosen, with the moon absent, 
although feeble moonlight does not overpower it. The | 
last rays of twilight must have died away in the even- 
ing, or the observation must be made before the com- 
mencement of the dawn, if the inexperienced eye is to 
detect it as a distinct object. Its appearance then is 
that of a spindle-shaped light rising from the horizon, 
and at a steep inclination to that plane. Its light is 
always brightest near the center, and fades away very 
gradually toward the edges. According to Lewis, the 
axis of greatest brightness lies south of the axis of sym- 
metry. The lower edge of the cone is generally more 
distinetly defined than the upper. Jones found that 


| the light was deficient on the south side when seen | 





expedition, and to this able observer | 


| aa ete alien 
from a place north of the ecliptic, and on the north sidg 
when seen from the south. This may be explaineg by 
atmospheric absorption acting more efficiently in pg 
ducing the light on the side of the cone nearest to ¢ 
horizon. ‘The zodiacal cone is brightest near the sun, 
but still sufficiently bright at a distance of 50° op gg 
from him to be quite conspicuous toa trained eye, The 
apex of the light occasionally reaches to a distance of 
100° from the sun. In the brightest visible part of jt 
it is several times as bright as the brightest part of the 
Milky Way visible in northern latitudes. On two og. 
casions—February 12, 1877, and February 21, 1879 ~j¢ 
was found by Lewis sufficiently bright to cast a shadow! 
On the latter night snow covered the ground, on which 
distinct shadows were visible. In the tropics, where 
the twilight is very short, the light is much brighter 
and visible almost every clear night. In Norther, 
India, the present writer has seen it shining with great 
brilliancy, and not to be overlooked by the most casual} 
observer ; and even in the West of Ireland it was very 
| conspicuous in March of the present year. Jones’ ob. 
servations seem to show an elongation of the zodiacal} 
light toward the east as the evening advances ; but 
Searle points out that this apparent extension may be 
|really due to an effect of contrast caused by an increase 
in the darkness of the sky for a long time after twilight 
has ended, and possibly also by an increase in the sep. 
sitiveness of the observer’s eye, which may take place 
more gradually than is generally supposed. 

Many people, on first seeing the phenomenon, mis. 
take it for a continuance of twilight from its ill-defined 
outline, but it may be easily distinguished by the faet 
that the twilight extends for a considerable distance 





along the horizon, and only reaches up a short distance 
in the sky, whereas the zodiacal light, at the periods 
of the year named, makes an angle of about 60° with 
the horizon in our latitude, and is comparatively nar- 
row. 

As has been said, the zodiacal light extends beyond 
the earth’s orbit, and should therefore be visible round 
the whole sky. Many observers have noticed an ex- 


, tension of this sort, forming a zone of faint light, con- 


siderably fainter than the zodiacal cone itself, and 
which has been called the zodiacal band. This band 
has been observed by Backhouse, Brorsen, Lewis, and 
Schmidt; but Searle thinks that his own observations in- 
dicate it to be a sidereal and not a zodiacal phenomenon 
at all. Backhouse can alway see it, under fairly favor- 
able atmospheric conditions, stretching right across the 
sky, except from about the Pleiades to Prwesepe, where 
it is merged in the light of the Milky Way. 

He finds that it cannot be clearly observed when at 
all near the horizon, as the light of the sky increases 
downward, and so extinguishes the dark space that 
would otherwise be visible below the zodiacal band. 


| He can never see it in the southern portion of the 20 


diac, owing to its low latitude in the north of England. 
It would seem that keen sight is necessary to observe 
this very faint band, as, according to Lewis, it is oné 
of the faintest objects in the heavens, being consider- 
ably fainter than the faintest portion of the Milky 
Way. Lewis, who has seen it well, finds that his sight is 
sufficiently acute to enable him to frequently see twelve 
stars in the Pleiades with the naked eye. He finds 
that the band is somewhat brighter in the center tha® 
at the edges. It cannot, of course, be seen where it 
crosses the Milky Way, and is best observed when the 
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southern hemisphere, and, still better, near the equator, 
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Milky Way is on, or near, the horizon. As might be 
expected, this faint band of light disappears on moon- 
fat nights, although its visibility in the presence of 
the moon has, it is said, been recorded on two or three 
occasions ! Although the zodiacal band, on the whole, 
pecomes fainter as its observed distance from the sun 
increases, yet in the region directly opposite to the sun 
its brightness revives again to a considerable degree. 

This brighter region was named by Brorsen, who dis- 
covered it, the Gegenschein (in English, the counter 

ow). 

Mh Gegenschein is always found to lie within 2° or 
3° of a point in the heavens 180° from the sun. It is 
prighter than the zodiacal band, although always much 
fainter than any of the brighter parts of the Milky 
Way. ‘The brighter portion of this patch of light is 

robably circular, and about 7° in diameter, though it 
— occasionally been observed as apparently elliptical, 
with the longer axis parallel to the ecliptic. It was inde- 

ndently discovered by Backhouse in 1875, and again 
in 1883 by Barnard, who found a faint illumination of 
thesky in that part of the zodiac whichis on the meridian 
at midnight. Observations by Searle—1878-1884—show 
a marked tendency to place the Gegenschein in north 
latitude. This result is confirmed by Lewis, who finds 
that it always lies about 2° north of the ecliptic, not a 
single observation placing it south of that line. Heis 
also agrees in fixing its position north of the ecliptic. 
Searle thinks the fact may be accounted for by atmo- 
spheric absorption, but the absence of any observations 
jn the southern hemisphere renders it difficult to decide 
this point. It is not easy to frame any hypothesis 
which will satisfactorily account for the appearance of 
the Gegenschein, but on the meteoric theory it could 
be explained by assuming such a law for the phases of 
the meteors that their brightness would rapidly in- 
crease as they approached opposition. 

The zodiacal light—like all faint, indefinite objects— 
is seen very differently by different people, as it re- 
quires practice to enable its fainter portions to be ob- 
served, and eyes vary greatly in power. In order to 
see it satisfactorily, it will be necessary to exclude all 
bright light from the eyes, and it cannot be well seen 
ina town where there is smoke illumined by gas light, or 
where the electric light is used, as in the city of Boston 
(U. 8S. A.), where Searle finds it no longer possible to 
make any useful observations. 

Owing to the fact that the brightest portion of the 
light is seen only near the horizon, and that most of it is 
very faint, its appearance is greatly affected by atmo- 
spheric conditions. For this reason it is not easy to 
determine whether its light is variable or constant. 
Backhouse states that he has never noticed any 
changes of brightness, other than can be accounted for 
by atmospheric variations. He thinks it probable, 
however, that the Gegenschein varies in form and size. 

Photometric comparisons of the light with that ofthe 
Milky Way will perhaps be necessary to determine 
whether it really varies in brightness or dimensions. 
Some observers have noticed momentary flashings in it ; 
but probably these are merely subjective phenomena, 
similar to stellar scintillation. 

The real nature of its substance still remains a mys- 
tery. Practically, it is a feeble extension of the solar 
corona, although probably existing under very differ- 
ent conditions to that portion of the corona visible in 
total eclipses of the sun. Searle suggests that a por- 
tion at least of its light may be due to sunlight re- 
flected from very minute planets which may possibly 
accompany the asteroids in large numbers ; and if we 
suppose a number of meteoric particles diffused through 
the solar system and reflecting light irregularly, it may 
be shown mathematically that ‘an appearance resem- 
bling the zodiaeal light, with an indefinite vertex, 
would be the result. Sir John Herschel held a similar 
opinion. Observations show that the axis is not pre- 
cisely on the ecliptic. Backhouse, from his own obser- 
vations, finds the probable position of the ascending 
node somewhere about longitude 35°, with an inelina- 
tion of about 1°7°. Houzeau found, from a discussion 
of 58 observations by various observers, that the longi- 
tude of the ascending node is about 2°, with an inclina- 
tion of about 4° ; but owing to the difficulty of making 
sufficiently delicate observations, itean hardly perhaps 
be considered proved that there is any fixed inclination 
To determine this accurately, observations in the 


would be necessary, as the atmospheric absorption to- 
ward the horizon will necessarily shift the axis more 
or less toward the north, as seen in northern lati- 
tudes. 

Cassini was of opinion that the axis of the zodiacal 
light lies in the plane of the sun’s equator, and this idea 
is partly supported by observation. It also seems 
probable on theoretical grounds, ‘‘for it is possible 
that the rotation of the sun indicates the fundamental 
plane of the solar system, if we accept the ordinary 
nebular hypothesis for its formation, more correctly 
than can be done by the revolution of the known 
planets ” (Searle). 

It was stated by Angstrom that he had seen the 
auroral line in the spectrum of the zodiacal light, but 
it is now considered more probable that there was some 
feeble auroral light in the sky at the time of his ob- 
servation, which he did not notice, other observers 
having failed to detect any line. During the aurora 
of May 2, 1877, the zodiacal light was also visible, and 
Lewis found that the zodiacal cone gave *‘a faint, short, 
continuous spectrum, brightest near its least refrangi- 
ble end.” “It was very faint throughout, and could 
only be seen through a wide slit,” too wide to permit 
the Fraunhofer dark lines to appear. Hethinks that 
his spectroscopic observations point to reflected sun- 
light as the source of the light of the zodiacal cone. 
The aurora gave a much longer spectrum, ‘though of 
the same pale greenish color.” 

Searle finds from his own observations that there 
€Xists ‘‘a faint permanent band of light ” about 2° or 3° 
In Width, closely south of Betaand Eta Virginis, nearly 

rallel to these stars, and reaching as far as Virginis. | 

t appears, however, that there is a slight relative 
abundance of small stars all along the ecliptic in this 
region, which may possibly, he thinks, account for the 
faint band referred to. Whether this applies to the 


fainter telescopic stars must be left, perhaps, to photo- 
graphy to decide. 

,Gulmuyden remarks that if we suppose the zodiacal 
light to bear the same relation to the general meteoric 


some relation between the plane of Jupiter's orbit and 
that of the zodiacal light, and he remarks that such a 
coincidence actually exists, for *‘the most northerly 
point of Jupiter's orbit has the heliocentric longitude 
188°, or with 60° east elongation, 78°; and for matter in 
the same plane, but nearer to the sun, the approxima- 
tion to coincidence with 160° is still greater.” 

Its appearance in tropical regions is thus described 
by Dr. Chailler. the African explorer: ** Then, as if to 
give a still grander view to the almost enchanting scene, 
the zodiacal light rose after the sun had set, increasing 
in brilliancy, of a bright yellow color, and rising ina 
pyramidal shape high in the sky, often so bright that 
it overshadowed the brightness of the Milky Way and 
the rays of the moon, the beautiful yellow light grad- 








ject in Shakespeare's time may phone be inferred 
from the passage in ** Romeo and Juliet :” 


“Yon light is not daylight, I know it, I: 
It is some meteor that the sun exhales.” 


—Naturalists’ Monthly. 


THE MESQUIT BEAN. 
AFTER returning toward the end of last August from 
a journey of over 700 miles in the dry region of Western 
Texas, where for two years little or no rain had fallen and 
destitution stared many new settlers in the face ; where 
no green thing in the shape of forage remained, save 
the mesquit groves, which in some regions covered 


MESQUIT BEAN. 


ually diminishing toward the apex. It cast a gentle 
radiance on the clouds round it, and sometimes formed 
almost a ring, but never perfect, having a break near 
the meridian ; at times being reflected in the east with 
nearly as much brillianey, if not so much, as in the 
west, and making me almost imagine a second sunrise. 
April and May were the months when the light showed 
itself in its greatest brilliancy. On April 13, 1865, the! 
glow coming from the west was so bright that it totally 
hid the Milky Way in the principal part of its course. 


thousands of acres, and bore millions of bushels of 
nutritious beans, which prevent starvation even in 
imap and fatten stock and prairie dogs, 1 thought read- 
ers of the Rural would like to learn something of this 
wonderful fuel and food plant. 


The tree (Prosopis glandulosa) belongs to the legu- 


minous or bean family, nearly allied to the acacia. It 
wakes a straggling growth, about 10 to 20 feet high, 
sometimes reaching a height of 40 feet, a grove when 
| seen at a distance resembling an old, dilapidated peach 
I could only distinguish it above the Sword of Orion ;| orchard, except in leaf and fruit. 


The trees bear 


the glow was the brightest below the planet Mars, and| heavy crops of beans, such as are shown herewith, 
the base of the pyramid reached on the south the part | where a shows the pod, } the bean as it lies in the pod, 


of the Milky Way at the foot of the Cross.” 





matter of the solar system that the comets of short 
Period bear to the comets in general, there should be 


! |¢ the bean in its envelope, d the same cut in two, and e 
The zodiacal light was noticed in England by Child-| the bean itself. 


Some trees produce two to five bushels 


rey, about the year 1660 ; and that it was a familiar ob-| of the pods, which are greedily eaten by stock for the 
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sweet nutriment which lies in the beans, not in the 
seeds, which are so hard and small that animals can- 
not chew them 

The wood is very hard, heavy, and durable. The 
roots are enormous for the size of the tops. Both root 
and trunk make excellent fuel, even for forging in the 
sinithy, when green. 
expense, as the digging is laborious. 

It is sold in the towns of those regions at about $5 
per cord of one ton weight. Ina few years these trees 
cover vacant lands with a growth averaging 10 to 15 
feet in height, wherever seeds have been scattered by 
stock or otherwise. The millions of bushels of the pods 
annually borne in Texas play no small part in the 
economy of stock growing. No land is so dry, poor, or 


rich that it will not produce the tree. It grows from 
the headwaters of the Red River into Meaico. Where 


the bark is broken, a fine gum resembling gum arabic 


oozes out in considerable quantities.—7. V. Munson, 
Rural New- Yorker. 
LONG-TAILED LADY'S SLIPPERS. 
(Cypripediums.) 
By W. H. Gowrkr. 


A FEW vears ago only about twenty species of this 
genus were in cultivation, but so rapidly have fresh 
forms been imported, and so readily have they lent 
themselves to the hybridizer, that in one colleetion I 
counted a few days ago nearly 250 named varieties, a 
striking proof of the popularity of these slipper orehids 
The introduced species, which have obtained the name 
of long tailed slippers, from the unusual length of their 
petals, are C. caudatum, its variety roseuim, C. longi 
folium, C. peareei, C. roezli, C. stonei and its variety 
platytenium, C. levigatum, C. robelini, C. wallisi, C 
parishi, and C, sanderianum. Hybridizers have worked 























LONG-TAILED 


(Cyp) spe dium 


LADY’S SLIPPER. 
candatum ) | 


largely with these long-tailed kinds, and many very 
ornawental forms have resulted from their labors. It 
may be of interest, therefore, to many of your readers 
to enumerate the kinds which have emanated from 
this particular seetion of the genus, commencing with 

cv. caudatum.—This remarkable plant was originally 
introduced from the mountain regions of Peru, where 
it is said to inhabit boggy places, but under cultivation 
it appears to enjoy strong heat, or at least the warm 
end of an intermediate house. It has somewhat erect, 
ligulate, light, shining green leaves, arranged in a two- 
ranked fashion (distichous). The seape is erect, and 
bears from two to three flowers ; the dorsal sepal, as 
also the connate lower sepals, are broad, nearly 6 inches 
long, tawny yellow, streaked with brown ; the petals 
are narrow, lengthened out into tail-like appendages, 
reaching to a length of some 2 feet or 3 feet. I have 
never grown them, however, much over 2 feet, although 
I have been frequently assured that they do attain to 
30 inches and 35 inches in length These tail-like 
appendages are nearly of the same color as that of the 
sepals, but become darker toward the tips, and are not 
fully developed until several days after the flower 
opens. The slipper-like lip is oblong, yellowish white, 
tinged with green and streaked with brown. In the 
variety roseum it is beautifully suffused with a dark 
rose color. The flowers open during the months of 
April and May, and if kept from damp, last several 
weeks in perfection. CC. caudatum has been 
with other species, and has produced 

C. Schredera, which was named in honor of Baron 
ess Schrweder, originated in the establishment of the 
Messrs. Veitch, of Chelsea, and is the result of a 
between C. caudatum and C. sedeni, the latter a Veiteh 
ian hybrid, The result has been to shorten the petals 
and infuse a greater amount of color into the whol 
flower. Its habit of growth resembles that of | 
sedeni ; the sepals are soft reddish green, streaked with 
greenish purple; the petals are broad and pendent, 


cere yssed 


cross 





Such wood is procured at some | 


| one offered to account for 
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some 4 inches in length, greenish white suffused with 

| purplish crimson ; the large lip retains the form of that 
of C. caudatam, and is of a dull crimson hue. The 
plant is robust and vigorous in constitution, and pro- 
duces its blooms in midwinter.—The Garden. 


THE CHEMICAL BASIS OF PLANT FORMS.' 
By HELEN C. DE 8S. ABBOTT. 


THE boundary between the mineral and vegetable 
kingdom is not a definite line. The individual of the 
one encroaches upon the dominion of the other. The 
terms “ non-living” and “living matter” are only rela- 
tively accurate.’ ‘Nature in all its manifestations 
constitutes a unity,” and ‘all matter is ina 
sense living.” 
| Through chemical evolution a condition of matter 
| obtains favorable for functional activity or life. This 
state may be described ‘as a colloidal albuminoid 
united with more or less water.”* Its simplest expres- 
sion is found in the low forms of plants, slime mould 
| for example. This colloidal basis of life is protoplasm, 
a chemical compound of complex constitution, very 
unstable, and manifesting when alive certain proper- 
ties called vital or ** biotic.” * 

Active chemical changes are inseparably associated 
with both living and dead protoplasm. Synthetical or 
progressive processes prevail in life, analytical or retro- 
gressive in death. 

Absorption, metabolism, excretion, reproduction, 
contractility, automatism, and irritability are the pro- 
perties of living matter; disorganization and dissocia- 
tion, those of dead matter. 

Chemists have to discover the subtile differences 
between the chemical! equation of living and dead pro- 
toplasm. 

| wish to speak of some of the chemical compounds 
of plants, or more properly the chemical forms, since 


| the structure of all plants is built up of chemical con- 
| stituents. 


This subject is as extensive as the genera 
and species of the vegetable kingdom. 


Last August,° I read a paper on certain chemical con- | dioxide of the air. 





a 

At this stage the little plant must seek from Without 
its food, from the atmosphere and the soil. The Boil 
is of varying and complex composition, contain 
between its particles gases and moisture. The air whi 
surrounds the leaves of land plants is a mixture of nitro. 
gen and oxygen with small quantities of carbon dio. 
ammonia, varying quantities of aqueous vapor, and oe. 
casionally traces of nitric acid. 

The elements from these media are absorbed by di. 
ferent parts of the plant, and there isa difference jy the 
manner of absorption by fungi, parasites, air plant, 
and green plants. However, the elements which are 
absolutely essential for the nutrition and naintenanee 
of the life of all plants are carbon, hydrogen, oxygen 
nitrogen, sulphur, phosphorus, potassium, caleiuy! 
magnesium, iron in the case of green plants, and in 
certain cases chlorine. 

It is characteristic of plants that they must absorp 
their food in the fluid form. The absorbent organs of 
plants are the roots for water and salts in solution, and 
the leaves for gases. In the lower plants, where there 
are no roots nor leaves, water or substances in solution 
and gases are absorbed, either directly by the cells of 
the thallus or by root hairs. Among the higher 
plants, the root hairs and the uncuticularized epider. 
mal cells of the younger roots are active in absorbing 
material from the soil. 

Any part of the plant, if immersed in water, will ab. 
sorb a smaller or a larger quantity of it; as, for ip. 
stance, cut flowers placed with their cut ends in water 
will absorb, for a time, sufficient to prevent withering, 
|The absorption of gases in higher plants is by means 
| of the leaves, for it has been found that carbon dioxide 
| is absorbed from the air by those organs which are 
green and contain chlorophyl; and in experiments 
where the carbon dioxide of the air was cut off from the 
leaves, though it was supplied to the roots, it wag 
found that the plant could not live long. It has also 
| been found that the presence of carbon dioxide in an- 
|other part of the plant does not contribute to the for- 
| mation of starch in the leaves. 

Green plants obtain their carbon from the carbon 
Plants which do not contain chloro- 





stituents of plants considered in relation to their mor- phyl obtain their carbon by the absorption of com- 


phology and evolution. The facts cited tended to show | plex organic substances. 


Green plants can absorb com- 


a chemical progression in plants, and a mutual de-| plex carbon compounds, and it has been proved, by 


form. 
Aimong the conclusions reached were the following : 
(1.) A similarity of one or more chewical constituents 


| pendence between chemical constituents and change of | direct experiment, that they can take up these complex 


| substances when supplied to their roots. 


| Darwin? has shown that the insectivorous plants, 
by means of their modified leaves, absorb complex com- 


is to be found in all plants which are equally develop- | pounds, and that these are of importance in their nutri- 


ed, and on the same evolutionary plane. 


tion. Flies and other small insects may often be found 


(2.) The evolution of chemical constituents follows | clasped in the tentacles of the Drosera ; and in those 


parallel lines with the evolutionary course of plant 


| experiments small pieces of meat, when placed on the 


forms, the one being intimately connected with the! leaves, were dissolved after a time by the secretions of 


other, and consequently chemical constituents are in- 
dieative of the height of the seale of progression, and 
are essentially appropriate for a basis of botanical 
classification ; in other words, the theory of evolution 


in plant life is best illustrated by the chemical con- | 


stituents of vegetable forms, 


Chemistry will aid us to comprehend the laws of evo-| cerned in destructive metabolic processes. 


lution controlling plant forms. 


the leaf glands and absorbed. 
| Hydrogen is absorbed by all plants in combination in 
the form of water or ammonia and its compounds, or 
in the complex substances mentioned above. 
Oxygen is taken up by plants free or in combination 
in water or in salts. The free oxygen is especially con- 
The large 


Evolution should also | quantities of this gas absorbed by plants, and especial- 


apply to chemical compounds as well as to morphology, | ly by fungi, show conclusively its consumption in meta- 
sinee the latter can be shown to depend upon chem- | bolic processes. 


istry in general. 


The process known as the respiration of plants is the 


We have no certain knowledge of the precise chemi-| absorption of oxygen and the exhalation of carbon di- 


cal changes which take place in transforming carbon, 
hydrogen, oxygen, nitrogen, sulphur, and other ele- 
ments into the starches and proteids. We know, how- 


ever, certainly the necessary conditions of many of these | 


changes. 
the connective link between the form of a plant and 
its chemical composition is undetermined 
vestigations in plant chemistry have not been con- 
ducted with this end in view. The facts which I have 
to offer to sustain the theory of a possible relation be- 
tween plant forms and chemical compounds may seem 
to some inadequate, but no other explanation than the 
these statements has been 
suggested. 

The chemical composition of the cell contents and 
wall has been determined in many plants ; also of their 
roots, leaves, flowers, and fruits. 

Most of the ash constituents essential or injurious to 
the growth and development of plants are known, and 
also the variations in growth caused by the presence or 
absence of certain inorganic compounds. 

The chemical changes through which many plants 
pass from the germination of their seed to maturity 
and decay are also known, each separate stage of 
growth showing a distinct chemical composition or a 
predominance of some one chemical compound. 

It should be especially noted that some ehemical com- 
pounds oeceur in certain species of plants and do not 
oecur in others. Certain classes of compounds are 
found widely distributed through the plant kingdom, 
accompanied by correlated morphological characters. 
Some one compound, as saponin, will be found with 


The law controlling the absolute relation or | 


But in-| 


similar botanical characters in plants of distinct genera | 


and families, on the same plane of evolution or develop- 
ment. 

It cannot be the result of accident that 
and related plants contain quinine ; and other plants 
distributed through the vegetable kingdom their own 
typical compounds. Nor can it be the result of accident 
or changes produced by climate or other causes that 
an absence of some one or more compounds is accom- 
panied by a modification of the exterior of the plant. 

Before taking up the consideration of the above 
statements in detail, it may be well to study briefly two 
properties® of living protoplasm, namely, absorption 
and metabolism. 

The seeds of plants are the storehouses of a cer- 
tain amount of latent energy or life, elaborated by the 
parent plant and stored up in the form of complex 
chemical compounds. Under suitable conditions of 
warmth and moisture, certain chemical changes take 
place within the seed. The latent energy becomes 
active, and the seedling grows, feeding upon its food 
supply until it has exhausted its store. 

January 24, 1887 
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# on the Physiology of Plants, By 8. H 


oxide. 

The researches of Garreau? show that two distinct 
processes are in operation when leaves are exposed to 
the light. In the one, oxygen is absorbed and carbon di- 
oxide is exhaled ; in the other, carbon dioxide is absorb- 
ed and oxygen isexhaled. When the leaves are exposed 
to a very bright sunlight, carbon dioxide is absorbed 
and oxygen is exhaled, and the activity of these pro- 
cesses is so much greater than the absorption of oxygen 
and the exhalation of carbon dioxide, that it appears 
as if the former only were in operation. 

Gases, like solids, can cnly be assimilated in solution, 
and as they are soluble in water, the cell walls of sub- 
merged plants may absorb them, and the sap near the 
surface of land plants will dissolve the gases from the 
atmosphere. The sap of plants contains in solution 
carbon dioxide, oxygen, and also a certain amount of 
free nitrogen. That this nitrogen does not enter into 
the metabolism of the plant seems completely decided 
by the experiments* of Lawes, Gilbert, and Pugh ; but 
the more recent experiments of Atwater‘ and Hellrie- 
gel® should be compared in this connection, and the 
matter cannot be said to be definitely settled. 

I can only enumerate in this connection, without go- 
ing into the subject, the possible sources® of the nitro- 
gen supply: 

1. Organic nitrogenous matter. 

2. The ammonia of the air and of the ogean. 

3. The nitrous and nitric compounds formed by com- 
bustion and by electric discharges. 

4. Nitrogen tixed in the soil by microbes. 

5. The free nitrogen of the atmosphere. 

6. Mineral nitrates. 


| The sap which is continually flowing through living 
|plants is a watery fluid, holding in solution mineral 


chinchona | 


matters, gases, and organic substances. The root hairs 
of plants penetrate the particles of soil and absorb the 
moisture from a film which surrounds each particle, 
known as hygroscopic water. In thallophytes, the ab- 
sorption is effected by the cells of the thallus, and in 
orchids a membrane invests the air roots especially 
adapted for the purpose. The distribution of water 
takes place, at least to some extent as its absorption, it 
passes by osmosis from cell to cell, as it passes original- 
ly from without into the superficial cells of the plant. 
The direction of this movement is not necessarily con- 
stant. The proportion of water in each cell varies, 
and the tendency to establish a fluid equilibrium will 
cause a current toward those tissues which are deficient. 
These statements apply equally to gases and other 
substances held in solution, which are needed for the 
continuance of the chemical and physical changes going 
on in the living cells of different parts of the plant. 
The changes are more active for different substances 
in different parts of the plant. The mineral substances 





? Insectivorous Plants, 
2 Ann. G, Sci, Nat., Ser. 3, t. xv. 
Phil, Trans,, 1860, 
timer. Chem. Jour., viii, Nos. 5 and 6. 
® Zeit. d. Ver. f. a. Reubenzucker Industrie, Nov., 1886. 
lhe Economical Aspect of Agr. Chemistry.” By H 
Proc. A. A, A. 8., XEXV, 1886. 
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absorbed by the roots pass up to the leaves, where they 
are concerned in the constructive metabolism going on 
in those organs. The products of these processes pass 
from the leaves to parts of the plant which are active- 
ly growing, and where plastic material is required, or 
to the seeds or other organs in which organic stores are 
being laid up. 





If the stems or plants are cut in the spring, a flow of | 


sap proceeds from the cut surface of that portion of the 
stem Which is connected with the roots. his fact was 
investigated by Hales. ! 
“a considerable energy in the root to push up sap in 
the bleeding season.” This force is termed the root 
pressure, and is the measure of the absorbent activity 
of the root hairs. The root pressure is not only man- 
ifested by causing the flow of sap. It also may cause 
the exudation of drops of sap on the surface. There is 
a warked periodicity in the flow of sap, which is not 
due to the immediate result of variations in external 
conditions, but is inherent in the absorbent cells them- 
selves. 

The current travels from the roots to the leaves 
through the lignitied cell walls of the wood of the plant. 
The activity of the exhalation of watery vapor from 
the plant is not the same from their surfaces. The re- 
freshing effect of a shower on withered leaves is due to 
the moisture penetrating the soil and being absorbed 
by the root hairs. From experiments? it has been 
shown that if the air is very moist and the leaves dry, 
the leaf surfaces may absorb a little water, 

The cuticle offers a certain amount of resistance to 
the passage through it of vapor which is due to resinous 
or waxy substances contained in it. The Mexican 
Ocotilla® offers a striking example. It grows ip very 
dry and exposed parts of the country, where rainfalls 
are infrequent. 
and resinous substances. 


Other substances, as well as water, can be absorbed | 


by leaves,* experiments having shown that if a drop 
of calcium sulphate solution be placed on a leaf, it will 
have disappeared in the course of a few hours. This is 
more rapid when placed on the under surface. Though 
it seems that leaves may absorb water and substances 
in solution under certain circumstances, the especial 
absorptive function of leaves is the absorptiomeof gases, 
as has been already explained, 

The subject of the ash constituents of plants is a very 
important one in this connection. The essential min- 
eral constituents of plants have already been men- 
tioned. 
rubidium, cesium, barium, aluminum, zine, copper, 
titanium, iodine, and bromine have also been found 
among the ash ingredients of certain plants. 

The method of absorption of soluble mineral salts has 
already been described. A solution of insoluble salts 
is brought about in a different way. A soil rich in or- 
ganic matter is always charged with carbon dioxide, 
and this gas is also given off by the roots of living 
plants. Water containing this gas is able to dissolve 
calcium carbonate and some silicates which are insol- 
uble in pure water. The presence of certain soluble 
salts in the soil brings about a decomposition and ren- 
ders the insoluble salts more readily soluble. Finally, 
the insoluble salts are brought into solution by means 
of the acid sap which saturates the cell wall of the root 
hair. This acid is not carbonic acid, for its reddening 
of litmus paper is permanent. 

It has been shown by experiment that the chemical 
elements are not universally absorbed by roots in their 
combinations in the soil. 


The wide differences in the composition of the ashes | hiema/e),"* and certain cells in the pseudo bulbs of | 


of plants show that each plant is endowed with a specific 
absorbent capacity. It is upon this fact that the 
“rotation of crops” ir farming depends. A grami- 


neous plant * is able to withdraw relatively larger quan- | 


tities of silica from the soil than a leguminous plant. 
The latter can only do so toa very slight extent. 

The absorbent capacities of nearly allied species are 
very different. Again, individuals of the same species 


yield different ash compositions, depending upon their | 


vigor; and the absorbent capacity of the plant varies 
at different periods of its life. 


He concluded that there is| 


The bark is chiefly composed of wax | 


Silicon, fluorine, manganese, sodium, lithium, | 


It has been stated that | 


| replace potassium in the food of certain fungi (mould, 
yeast, and bacteria). 

Salm-Horstmar describes' some experiments, from 
which he infers that minute traces of lithium and 
fluorine are indispensable to the fruiting of barley. 
| The same investigator has concluded that a trace of 
| titanic acid is a necessary ingredient of plants. 
| Zine? is also a frequent constituent of plants growing 
| about zine mines. ‘Certain marked varieties of plants 
| are peculiar to, and appear to have been developed by, 
such soils, as the violet, var. calaminarias, and penny- 
cress. In the leaves of the latter plants thirteen per 
cent. of zine oxide was found ; in other plants from 03 
per cent. to 3°3 per cent. 
| From the investigations of Baumann,’ insoluble zine 
salts in the soil are harmless to plants. All plants ex- 
cepting the conifer speedily die in a solution contain- 
ing 10 mg. zine to the liter, though traces of zine in 
solution are harmless. 

The specific action of zinc on the vegetable organism 
consists in a destruction of the chlorophyl coloring 
matter and a consequent stoppage of the whole process 
of assimilation. 

Experiments * on maize, oats, buckwheat, show that 
| arsenic attacks the protoplasm of the cell and destroys 
the power of osmose by the roots. 
| Sulphates oceur in the cell sap of organs where 
chemical changes are rapidly taking place, and are 
| doubtless formed in connection with the decomposition 
of proteids. Phosphorus occurs in actively growing 
cells in the most various plants. 
present in the green coloring matter of the leaves, and 
is always found in relation with living protoplasm. 
Schumacher ® holds that the chief work of the alkaline 
phosphates is the acceleration of the diffusion of these 
difficultly diffusible albuminoids. 

Calcium is especially abundant in the leaves of green 
trees, and it cannot be replaced in the food of green 
leaves by any other metal. It can be replaced by 
strontium,* barium, or magnesium in the food of cer- 
tain fungi. Magnesium’? resembles lime in many 
points, but is present in larger quantity in the stem 
and grain, and not in the leaves of the maize plant. 

Iron is found +o be essential to green plants only. If 
a seedling be cultivated by water culture in a fluid con- 
| taining no iron, the leaves will become pale until at 
length they are nearly white; but on the addition of a 
small quantity of iron to the solution, or if the white 
leaves are painted with a dilute iron solution, they will 
very shortly become green. It plays an important part 
|in the formation of the green coloring matter, though 
| it does not enter into its chemical composition. 

‘* Buckwheat,® barley, and oats do not flourish when 
| grown in solutions containing no chlorides, and as in 
| these plants the chlorophyi corpuscles beeome over- 
| filled with starch grains, it was thought that this ele- 
| ment was of importance in connection with the trans- 


| location of carbohydrates,” 

| Sodium® has been used in water culture to replace 
| potassium, but the plants deprived of potash did not 
| develop. 


Manganese is abundant in the ash of 7rapa natans. 
I also found it in the different portions of Yucca angus- 
| tifolia,” 
Iodine and bromine are found in marine A/ge and in 
|ninute quantity in some plants grown far from the 
sea. 
| Silica is found in the form of soluble or insoluble sil- 
jicieacid. It oceurs principally in the cell wall, but it 
| has been found in the cell sap of a plant (Hquiselum 





epiphytic orehids '* contain each a plate of silica. 
| Experiments have shown that the absorption of 
silicic '* acid erg 4 assists the assimilation of other 
plant foods, and that plants to which it is supplied 
show a decidedly more healthy development of grain 
and straw than others not so treated. Silica is doubtless 
of mechanical use, giving firmness and rigidity to plant 
tissues ; though the real cause of * laying ” of crops has 
been found to be due to the imperfect development of 
the tissue, and not to an insufficient supply of silica. 
The percentage of ash constituents in plants varies, 


‘similar kinds of plants, and especially the same parts; but the quantity is sufficient to be a very important 


of similar plants, exhibit a close general agreement in 
the composition of their ashes, while plants which are 
unlike in their botanical characters are algo unlike in 
the proportions of their fixed ingredients.”* If an ash 
coustituent can pass through a cell wall, its absorption 


will take place independently of its use or harm-| 


fulness to the plant, but the absorption of essential 
inorganie constituents will depend upon its relation to 
the metabolism of the plant. 

The ash constituents of a plant increase from the 
roots upward to the leaves, a fact showing that the 
leaves are the organs in which more especially active 
chemical changes take place. 

The ash ingredients are usually present in each plant 
cell; in the cell wall, embedded in the cellulose, and 
partly in the contents of the cell. The salts of the al- 
kaline metals and of the sulphates and the chlorides of 
magnesium and calcium oceur in 
sap. Silica and phosphates of calcium and magnesium 
are mostly insoluble, and exist in the tissues of the 
plant. 

Water culture experiments’ have shown the essential 
ash ingredients. Potassium, like phosphorus, is always 
found in relation with living protoplasm, If* the plant 
Was not supplied with potassium, it grew very little, 
and very little starch was formed in the chlorophyl 
corpuscles of the leaves. On the addition of potassium 
chloride, the stareh grains became more numerous in 
the leaves, and made their appearance in other parts 
of the plants. Potassium, doubtless, plays an import- 
aut role in the formation and the storing up of carbo- 
hydrates, for the organs in which these processes are 
active, as the leaves, seeds, and tubers, are found to be 
the richest in this element. 

It has been observed that cesium’ and rubidium can 
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the solution of the} 


factor in the consideration of chemical forms of plants. 

I have already said that the albuminous cell contents, 
ealled protoplasin, are always present in the living 
cells of plants. The introduction into the cell of the 
gases, water, and inorganic substances goes to the di- 
rect formation of this colloidal body, or assists in it. 

It has been stated that the soil, water, and atmo- 
sphere supply the food of all plants. It would be of 
interest to dwell upon the processes of assimilation, 
and the chemical changes that go on within the living 
plant, if our time would allow. It may be mentioned 
that nowhere in any department of chemistry have our 
former views been more modified than in the physiolo- 
gical chemistry of the vegetable cell during the last 
three years. 

For example, I may say that at least in some plants 
nascent starch passesin a soluble form from cell to 
cell by osmosis without conversion into sugar, as was 
formerly held. 

Sugar in some plants may be regarded as a waste 
product, resulting from the breaking down of more 
complex substances, of no further service in the devel- 
opment of the plant. 

Sorghum ' cane, at the time of the maturing of the 
seed and the full growth of the plant, contains the 
largest percentage of sugar, and this sugar appears to 
be really a waste product. 
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It has been found | 


The classification ' of Plastic and Waste Products, in 
Vines’ late Physiology, cannot be accepted as final, 
since many changes in plant chemistry have resulted 
since 1882—the date of his chemical bibliography. 

It may be generally said that the proteids or albumi- 
noid substances are formed in the cell from a simple 
carbohydrate and some nitrogenous Lody, probably au 
amide. 

The inorganic acids supply sulphur and other sub- 
stances necessary to enter into combination with the 
posses or act mechanically by removing waste mate- 
rial. 

The function of chlorophyl may be briefly stated.’ 
It absorbs certain rays of light, and thus enables the 
protoplasm of the cell to avail itself of the radiant en- 
lergy of the sun’s rays for the construction of organic 
substances from carbon dioxide and water. 

Plants which are grown in the dark, or at low tem- 
perature, are usually of a yellow color. Such plants 
are said to bé etiolated. There is reason to think that 
this yellow substance, etiolin, is an intermediate sub- 
stance in the formation of chlorophy), for if it is expos- 
ed to light it is converted into a green color. These 
complex coloring matters are probably derivatives of 
protoplasm. 

The autumnal change of leaves is owing to a third 
coloring matter, called xanthophyl. In many cases, 
Yr ‘ion also contain a red coloring matter, erythro. 
phyt. 

The importance of chlorophyl in the plant will be 
admitted when it is said that the absorption of carbon 
dioxide, the evolution of oxygen, and the formation 
of many organic substances are effected solely by chlo- 
me corpuscles. 

‘he organic acids occur in plants free and also in 
}ecombination with bases. It is to the presence of these 
bodies that the acid reaction of plant tissues is due. 
Some organic acids are assimilated by plants ; the tur- 
gidity of cells is to be ascribed to their presence, and 
|the acid sap in root hairs renders possible the solu- 
| tion and absorption of mineral substances insoluble in 
water. 
The primary function of the resins * of conifer and 
|) analogous juices of other plants is to render service in 
eases of injury, and, by covering the wound with a 
| protecting coating, to favor its healing. 








During my studies on the Yucca,‘ resins and saponin 
| were separated from each partof the plant. Experi- 
|ments were made to determine the emulsive power of 
|saponin on resins. It was found that aqueous solu- 
| tions of saponin were able to emulsify many classes of 
| resins, andin my paper it was pointed out that saponin 
may serve mechanical purposes in the plant as well as 
those of nutrition. 

(To be continued.) 


OF CIDER OR APPLE 
By B. F. DAVENPORT. 
THE following detailed practical method of deter- 
mining whether a sample of “ cider vinegar or apple 
| vinegar” conforms to the requirements of the Massachu- 
|setts statute relating thereto, which requires that it 
should be not only the legitimate and exelusive pro- 
'duct of pure apple juice or cider, but also that it 
should not fall below the quality of possessing an 
|acidity equivalent to the presence of not less than 44 
| per cent. by weight of absolute, that is monohydrated, 
| acetic acid, and should yield upon full evaporation at 
the temperature of boiling water not less than 2 per 
eent. by weight of cider vinegar solids, may prove of 

interest to those dealing in the article. 
As the limits set by the statute are in per cents. by 
| weight, the portion of vinegar taken for the tests 
| should, for perfect accuracy, be also taken by weight. 
That is, the quantities of 6 and of 10 grammes are to be 
|taken for the tests of strength and of residue; but as 
taking it by measure, if of about the ordinary atmo- 
spheric temperature of 60° to 70° F., will make the ap- 
parent percentage at most only 1 to 2 per cent. of itself 
greater than the true, that is, will make a true 5 per 
|cent. vinegar appear to be, say, from 505 to 510 per 
|cent., measuring proves in practice to be accurate 
enough for all common commercial purposes, and 
therefore the quantities of 6 and of 10 cubic centime- 
|ters by measure may be taken in place of as many 
grammes, 
| Itis most convenient to have the measuring burette 
of asize to contain 25 to 50 ¢. ¢., that is cubic centimeters, 
and have these divided into tenths. The best form of 
| burette is the Mohr’s, which is closed by a glass stop- 
|eock. Besides this only a dropping tube, called a 
| pipette, graduated to deliver 6 and 10 ¢. ¢., will be 
| needed. 
| The only two chemicals needed in determining the 
|strength of a vinegar are a 1 per cent. solution of 
| phenolphthalein in diluted alcohol and a sufficient 
quantity of the volumetric solution of soda. 

Having these, the procedure for making the test will 
| be as follows: Fill the pipette by suction and then 
| quickly close the top of it with the forefinger. Raise 
| the tube out of the sample of vinegar and let it empty 
| out by drops exactly down to the top graduation mark, 
| this bearing the mark of 0e¢. c. Then holding it over a 
white mug or cup, let it run out exactly down to the 6 
'e.¢c. mark, Dilute the 6c. c. of vinegar, thus measured 
out into the mug, with sufficient clean water to make 
it look about white, and then add to it about three 
drops of the phepolphthalein solution. 

Then having prepared the burette by filling it up to 
the top, zero, or any other noted mark of the gradua- 
i tion, with the volumetric solution of soda, let the soda 
solution run out cautiously into the diluted vinegar, 
| which should be constantly stirred about. As soon as 
|the vinegar in the mug begins to darken, the soda 
should then only be allowed to run into it by drops. 
This dropping is thus continued until at last a final 
drop of soda turns the vinegar suddenly to a perma- 
neat pink orcherry color, whick will not disappear upon 
further stirring. By now reading off from the gradua- 
tions of the burette the number of full ec. c. divisions 
and of tenths which have been emptied out to bring 
about this change of coior in the vinegar, is known the 
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per cents. and tenths of acidity equivalent to true 
acetic acid contained in the vinegar being examined 
This, if it is a pure cider vinegar and well made, will 
be upon the average about 6 per cent., but never under 


5 percent. If in like manner 10 ¢. ¢. of the vinegar is 


exactly measured off by the pipette into a small light| potash added, whereby a brown precipitate is formed, | used, this black powder, well washed 


porcelain dish, and then evaporated fully to dryness | 
over boiling water, the number of grammes weight 
yxained by the dish, when multiplied by ten, gives the} 
percentage of solid residue contained in the vinegar 

There are certain characteristics peculiar to the resi 
due of a pure cider vinegar, the principal of which are 
the following it will be about 3 per cent. in weight, 
and never less than 2 percent. It is always soft, viseid, 
of apple flavor, somewhat acid and astringent in taste 
A drop of it taken up in a clean loop of platinum or 
of iron wire and ignited in a colorless Bunsen gas lamp 
flame imparts to it the pale lilac color of a pure potash 
salt, without any yellow due to sodium being visible 
The ignited residue left in the loop of wire will be a| 
fusible bead of quite a good size, and it will leave a 
strong alkaline reaction upon moistened test paper, 
effervescing briskly when immersed in an acid. The 
presence in a vinegar of the slightest trace of any free 
mineral acid will prevent the residue leaving 
anv alkaline reaction, or effervescing with acids. The | 
presence of any practical amount Of commercial acetic 
acid added to “tone up” the strength of the vinegar | 
will cause the igniting residue to impart another color 
to the Bunsen flame, and the residue itself will have a 
smoky pyroligneous taste or odor, Any corn glucose 
used in the vinegar will cause its residue when ignited 
to emit the characteristic odor of burning corn, and as 
the last spark glows through the carbonized mass to! 
usually emit the familiar garlic arsenic, for the 
common oil of vitriol usually used in the production of 
glucose is now mostly derived from pyrites, which al 
most always contain arsenic 

A glucose vinegar which has been made without va 
porizing the aleohol after the fermentation of the 
glucose wiil also have a strong reducing action upon a 
copper salt in an alkaline solution, and also will give a 
heavy precipitation of lime with ammonium oxalate 
A true malt vinegar always contains phosphates, and 
a Wine Vinegar cream of tartar The presence of any 
acrid vegetable substance in a vinegar is known by the 


ignited 


odor of 


residue having a pungent taste, especially if before the 
evaporation the vinegar has been exactly neutralized 
with soda 

In «a pure apple cider vinegar hydrogen sulphide gas | 
will not cause any discoloration, nor will the addition 
of a solution of either barium nitrate, silver nitrate, or 
ammonium oxalate cause anything more than the very 
slightest perceptible turbidity. But the addition of 
rome solution of acetate—that is, of sugar of leac 

will cause an voluminous and flocculent 
precipitation, which all settle out in about ten 
minutes, leaving aclear fluid above. In most of the so 
called “apple vinegars” brought into this market from 
other States the addition of some of this lead solution 
will cause but a slight turbidity, without any precipi- 
tate settling out for several hours, and even then the 
precipitate will not be of the same appearance as in 
apple cider vinegar. —Chem. News 


- 7 

MANUFACTURE OF STARCH, DEXTROSE, AND | 
GLUCOSE 

By 


LEON CUISINIER, in Paris, has patented a 
for the saccharification of starchy substances by means 
of a malt which has been allowed to germinate for from 
7 to 10 days. The raw materials must be made perfect- 
ly neutral (acid free) by treatment with a one per cent 
soda or per cent. sulphuric acid solution, as the case 
may Che grain after two or three days’ soaking in 
tepid water should contain not more than 40-45 per 
cent. water, and is then to be ground. The moist ma 
terials are made into a paste with an equal weight of 
and from 246 to five per cent. of malt is well 
kneaded into it, during an hour. The liquefaction of 
this paste takes place in an upright cylinder, surround 
ed by a water bath which is maintained at 75° C., and 
provided with powerful stirring gear. The mash thus 
obtained then heated in a steam jacket, under a 
pressure one atmosphere for about an hour, then 
cooled to and treated with one to two per cent 
of malt infusion After two hours the solution put 
through a filter ooled to 50 , and treated with 
fifteen to twenty per cent. of malt infusion, which is 
added in five per cent. lots every two hours, When 
thoroughly saccharified, the solution is heated again, 
filtered, and evaporated to 40° Be., and sold as concen 
trated beer wort. 

Joseph Franklin Gent, of Ind., U. Ris 
frees maize from the germs and husks by steaming at 
160° in a special not than 
minute, and subsequently crushing sifting 
grain. The product thus obtained then 
steamed, pressed thin and brought 
the market under the name of ** Cerealine 

Messrs. Vierneisel, K. Trobach, and Alfred Cards 
commend the following treatment of potatoes for the 
purpose of dextrose Inanufacture, avoiding thereby the 
necessity for the separation of the starch from the pulp, 
which always retains a considerabie percentage, and 
utilizing the roots at the period when they contain most 
starch—viz., at their harvest time; thus avoiding also} 
the loss of starch which stored potatoes always undergo. 
The potatoes are washed and ground, the paste put 
through a filter press, in which the cakes are well 
washed with a solution of calcium bisulphite, to prevent | 
any fermentation, and then either dried for storing or 
worked up forthwith. The cakes made into a suitable 
paste with water are saccharified under pressure, by 
acid. The acid sugar solution is thereupon neutralized 
with calcic sulphite and chalk, put through a filter 
press, evaporated to 30° B., again filter-pressed, and 
finally concentrated at 100° down to 35° B., for erystal 
lization Che resulting sugar when separated from the 
molasses is ready for the usual processes of recrystalliza 
tion. 

Thadeus v. Korvins Sakoviez and David Rosenblum, 
of Warsaw, produce crystallized grape sugar from all 
sorts of starch by boiling ten per cent. solutions of starch 
with certain quantities of sulphuric anhydride, which 
quantities vary from 4°9 per cent. with eleven hours’ 
boiling when working in open vessels to 0°15 per cent. 
when the operation is conducted in a closed vessel and 
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| the mother liquor 


| by the action of a current of chlorine at a high temper- 


|experimentalists, but hitherto not explained. 
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under a pressure of four atmospheres. The boiling in 


the first case lasts eleven hours, in the latter only four 
hours. Instead of using charcoal to decolorize the | 
neutral sugar solution, it is cooled to 45° and about 0°2 
per cent. (on the weight of starch) of permanganate of | 


the solution after passing through the filter press be- | 
ing perfectly colorless. The crystallization is performed 
under vacuum, but the crystals cannot be readily freed 
from the mother liquor 

Alf. Seyberlich, of Riga, and Alex. Trampedach, of | 
Mitan, transform starch into sugar by the action of | 
dilute nitrie acid. The starch is made into a milk with | 
water, and run into a dilute boiling solution of nitric 
acid, and boiled until ten drops of the solution added 
to 200 ¢. ¢. 96 per cent. aleohol no longer produce any 
turbidity. The proportions used are 1,000 starch, five 
nitric acid, and 2,000 to 3,000 water. They then recom 
mend that the solution be made distinctly alkaline by 
the addition of sodium or potassium carbonate, there- 
upon evaporated in the vacuum apparatus to 35-36 
Be., and allowed to erystallize. The crystals thus ob- 
tained are well developed, and easily separated from 
Dingl. Polyt. J 
RETORT 


GAS 


PROPERTY OF 
CARBON, 

A cURIOUS property of the carbon of gas retorts has 
been brought under the notice of the Academie des | 
Sciences by MM. Debray and Pechard. They observe | 
that when pieces of retort carbon, previously purified | 


CURIOUS 





ature, are used electrodes for the deeom position | 
by current of acid solutions, the positive electrode dis 
integrates more or less quickly, forming a very finely 
divided black powder. This is a fact well known to} 
Most of 
those who have noticed the phenomenon, however, 
have had their attention fixed upon the alterations oc- | 
curring in the fluids in whieh the electrodes are im- | 
mersed than upon these latter 

MM. Debray and Pechard, however, are disposed to 
think that the disintegration of the carbon is not due 
to any mechanical action, but to an alteration, more 
or less profound, of the matter itself, and that the 
matter produced by the carbon is, in reality, 
It has been found 


48 


powde ry 
of the nature of an alloy of carbon. 
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This is a Special Edition of the SCIENTIFIC AMERI- 
CAN, issued monthly—on the first day of the month. 
Each number contains about forty large quarto pages, 
qual to about two hundred ordinary book pages, 
forming, practically, a large and splendid Magazine 
ot Architecture, richly adorned with elegant plates 
in colors and with fine engravings, illustrating the 
most interesting examples of modern Architectural 
Construction and allied subjects. 

A special feature is the presentation in each number 
of a variety of the latest and best plans for private 
residences, city and country, including those of very 
moderate cost as well as the more expensive. Draw 
ings in perspective and in color are given, together | 
with full Plans, Specitications, Costs, Bills of Estimate, | 
and Sheets of Details. 

No other building paper contains so many plans, 
details, and specifications regularly presented as the} 
SCIENTIFIC AMERICAN. Hundreds of dwellings have 
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